CLAIMS: 
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:oal formati on in situ, comprising: 
providing heat from one or more heat sourcestolirteastcaie portion of the 
5 formation; 

allowing the heat to transfer from the one or more heat sources to a selected^ 
section of the formation; 

controlling the heat from the one or more heat sources such that an^verage 
temperature within at lerfsTaj^iajority of the selected section of the fojrtiation is less than 
10 about 375 °C; and 

producing a rrfixture ftpm the formation. 

2. The method of\clainj 1 , wherein the one or mop£ heat sources comprise at least 
two heat sources, and Whep&n superposition of heat from at least the two heat sources 
15 pyrolyzes at least some coal within the selected/section of the formation. 
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3. The method of claim 1 , wherein carolling formation conditions comprises 
maintaining a temperature within the fleeted section within a pyrolysis temperature 
range. 

4. The method of claim/f, wherein the one or more heat sources comprise electrical 
heaters. 



5. The methqia of claim 1, wherein the one or more heat sources comprise surface 
25 burners. 



6. The method of claim 1 9 wherein the one or more heat sources comprise flameless 
distributed combustors. 



30 7. ^Tfee^ttethoa^rclaim , wherein the one or more heat sources comprise natural 
distributed combustors. 



Conley, Rose & Tayon, P.C. 



8. The method of claim 1, further compris ing controlling a pressure and a 
temperature within at least a majority of the selected seHion^fthe^bnnation, wherein 
the pressure is controlled as a function of temperature, or the temperature is control^ 
a function of pressure. 
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9. The method of claim-l^ftuther comprising controlling a pressure within at least a 
majority of the selected sectio^of the formation with a valve coupl^eKo at least one of 
the one or more heat sources. 



10. The method of claim 1 5 further comprising controlling a pressure within at least a 
majority of the selected sectfen of the formation ^th a valve coupled to a production 
well located in the formation. 

1 1 . The method of claim 1 , furthe/ ;omprising controlling the heat such that an 
average heating rate of the select^a section is less than about 1 °C per day during 
pyrolysis. 

12. The method of^aim 1 , wherein providing heat from the one or more heat sources 
to at least the portion of formation comprises: 

heating ^selected volume (JO of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ), and wherein the heating 
pyrolyzes A least some coal within the selected volume of the formation; and 

/herein heating energy/day provided to the volume is equal to or less than Pwr, 
whep^in Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/da y, h is an aveiUge h eating rate or the 
formation, ^^JsJbmtatton^bulk density, and wherein the heating rate is less than about 10 
73ay. 
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JJL Th e - nielhod of clai m 1, wherei n allowing L ho heaU n tran sferfrom the one or 

more heat sources to the selected section comprises transferring heat substantiality 
conduction. 
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14. The method of claim 1, wherein providing heat from the one or more heat sources 
comprises heating th^s^kcted section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °CL 



15. The 
10 hydrocarbons h 



method of claM 1, wherein the produced mixtjxfe comprises condensable 



ving an AP 




'at least about 21 



16. The method^Qf clairjl 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

17. The method of claim 1, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

1 8. The method of^laim 1 , wherein the produced mixture comprises non-condensable 
hydrocarbons, and Wherein about 0.1 % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 



19. The method of claim 1, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis; of the condensable hydrocarbons is nitrogen. 



30 



The method of claim 1 5 wherein the produced mi xture comprises condensable 
hydrocarbons, andwhgi^in4essiiiarf^ by weight, when calculated on an atomic 

basisToFthe condensable hydrocarbons is oxygen. 
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2ir. The method of claim 1, wherein the produceaiTTixiiire-eefflprises co ndensable 

hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensajale 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen, 

containing compounds comf5riseNphenols. 

\ 

22. The method ofyfclaim 1, Wherein the produced mixture compfises condensable 



hydrocarbons, and wl 



basis, of the condensable hydro* 



erein less 



than about 1 % by weight, wh^n calculated on an atomic 
sulfur. 




23. The method o^ claim 1/ wherein the produced mixture comprises condensable 
hydrocarbons, and whetein^reater than about ^6 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



24. The method of claim 1 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less th^n about 5 % by weight of the condensable 
hydrocarbons comprises multi^ing aromatics with more than two rings. 
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25. The method of claim 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asj#ialtenes. 

26. The memod of claim 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

27. / The method of claim 1, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

lerein the hydrogen is greater than about 10 % by volume of the non-condensable 
Component, and wherHnJjiHl ^rnyri i s lfi svrtw rHlvMil ft O % hy vnlunr ^Pll i r mm- 
30 ^ondeffsaElecomponent. 
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28. The me thod nf rlnim 1 , w hrr rin tb r p r odu c ed m i;^igi£ornpri"r" ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammeoia. 

29. The method of claim 1, wherein the produced mixture comprises ammc^ua, and 
5 wherein the ammonia is used to produce fertilizer. 

30. The methodof claim 1, further comprising controlling a pr^sure within at least a 
sdectecfllsectk 



20 



majority of the s< 



least about 2.0 biir absol 



section of the formation, wherein the controlled pressure is at 




10 

3 1 . The meth<)d of claim 1, further comprising controlling formation conditions such 
that the produced mi^ctj/re comprises a partial pj^ssure of H2 within the mixture greater 
than about 0.5 bar. 

15 32. The method of claim 3 1 , w^efein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

33. The method of craim 1, wherein controlling formation conditions comprises 
recirculating a portiem of hydrogen from the mixture into the formation. 



34. The^method of claim 1, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 / 35. The method of claim 1, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat fror 
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36. The met hod of cla im 1 , wh e r e in the p r oduced mix tu re compr ises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion < 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 37. The method of claim 1, wherein allowing the heat to transfer comprises increasing 
a permeability of a majority of the selected section to greater than abom 100 millidarcy. 
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3 8 . The method of claim | , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majgnty of the selected section. 




39. The method oflclaim 1, fwther comprising controlling the heat to yield greater 



than about 60 % by wei^ht^nF condensable hydrocarbons, as measured by Fischer Assay. 

40. The method of claim 1, wherein producing the mixture comprises producing the 
mixture in a production well, and wherejn at least about 7 heat sources are disposed in the 
formation for each production well. 
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4 1 . The method of claim 1 ,/further comprising providing heat from three or more heat 
sources to at least a portion^f the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



42. The method of claim 1, further comprising providing heat from three or more heat 
sources to/at least a portion of the formation, wherein three or more of the heat sources 
25 are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
pea of the formation to form a repetitive pattern of units. 



143. The methodiif^terrrriTfiirther comprising separating the produced mixture into a 
30 gas stream and a liquid stream. 
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44 T^^jTri^tVtori o f ^laim 1 , f nr tW c o mprising gfi^mvjjn^^ mixture into a 

gas stream and a liquid stream and separating the liquid stream into anaque5t 
and a non-aqueous stream. 
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45. The method of claim 1, wherein the produced mixture comprises H2S, the^rfethod 
further comprising separating a portion of the H2S from non-condensable h^irocarbons. 



46. 



The method 




\ 

bf clainti 1 , wherein the produced mixture comprises CO2, the method 
further comprising separating a portion of the CO2 from non-cpiidensable hydrocarbons. 

47. The method of clami 1, wherein the mixture is produced from a production well, 
wherein the heating is controlled such that the mixjtfre can be produced from the 
formation as a vapor. 



15 48. The method of claim 1 , wherein the mixture is produced from a production well, 
the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



49. The method of clajm 1, wherein the mixture is produced from a production well, 
20 wherein a wellbore ofjfcne production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable'fiydrocarbon gas component and H2. 



25 50. / The method of claim 1 , wherein the minimum pyrolysis temperature is about 270 



30 



ing the pressure within the 



5 1 . The method of claim 1 , further comprising 

formation above^beut^O^arabsolute to inhibit production of fluids having carbon 
numbers above 25. 
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5± The method of claim 1 , further com pr ising cont r olling proGour cJttdlhir^^ 

formation in a range from about atmospheric pressure to about 100 bar, as measured at 
wellhead of a production well, to control an amount of condensable hydrocarbons wKtun 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase jproduction 
of non-condensable hydrocarbons. 



53. The method of claim 1 , farther comprising controlling pressure within the 



formation in a range from about ; 
10 wellhead of a production well, to 



mospheric pressure to about /00 bar, as measured at a 



tontrol an API gravity of condensable hydrocarbons 
within the produced niixture, whe -eihs^iepr^ssure is red*fced to decrease the API gravity, 
and wherein the pressure is increased to reduce the Afl gravity. 
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54. A method of treating a coal formation ii/ situ, comprising: 
15 providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer fv6m at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least some/nydrocarbons within the selected section of the 
20 formation; and 

producing a mixtuik from the formation. 
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55. The methocKof claim 54, wherein the one or more heat sources comprise at least 
two heat source^ and wherein superposition of heat from at least the two heat sources 
pyrolyzes at/feast some hydrocarbons within the selected section of the formation. 



56. /The method of claim 54, wherein the one or more heat sources comprise electrical 
heaters. 

30 57. The method of claim 54, wherein the one or more heat so urces comprise surface 



burners. 
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58. The method of claim 54, wherein the one or more heat sources comprise flameless 
distributed combustors. 

59. The method of claim 54, wherein the one or more heat sources comprise natura 
distributed combustors. 




60. The method of clmm 54, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as ajjunction of temperature, or the temperature ^controlled as 
a function of pressure 

61. The method of ctetfh 54, further comprising controlling the heat such that an 
average heating rate of the selected section is less than a]?<mt 1.0 0 C per day during 
pyrolysis. 



62. The method of claim 54, wherein prodding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V^of the coal formation from the one or more heat 
sources, wherein the formation ms an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = hW*C v *p B 

wheretfn Pwr is the heating energy/day, h is an average heating rate of the 
formaticjtf;/^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/d£ 



63. The method of claim 54, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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64. The rnpriinHnf ^i^im whfrrin th^ prndvrHjrv^t 1 ^ comprises condensable 
hydrocarbons having an API gravity of at least about 25°. ^^^-^^ 



65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein ab©fit 0.1\% by weight to about 15 % by weight of the 
condensable hydrocarbons are olefnj 



66. The method of cla/m 54, AVherehrther^roduced mixture comprises ndh- 
condensable hydrocarbons, and/vherein a molar ratio of ethene to ethprfe in the non- 
condensable hydrocarbonkranges from about 0.001 to about OA 5/ 



67. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by Weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tjami about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The methocLeff claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, arid wherein less than about 1 % by weight, when calculated on an atomic 
basis, of thexondensable hydrocarbons is sulfur. 



7j0f The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weigh t of the con densable 
hydrocarbons-eornprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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Tod or claim 54, wherein the produced mixLuie cumprises-eondensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

72. The method of claim 54, wherein the produced mixture comprises condensate 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mukwing arohiatics with more than two rings. 
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73. The method of plaim 54, wfye/'ein the produced mixture comprises condensable 
10 hydrocarbons, and whbrein less tha^bout by weight of the/X)ndensable 

hydrocarbons are asphaltenes. 

74. The method of claim $4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ^Hout 30 % by weight of the 

15 condensable hydrocarbons are cycloalkanes. 

75. The method of claim 54, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



25 



76. The method pi claim 54, wherein the produced mixture comprises ammonia, and 
wherein greater jilan about 0.05 % by weight of the produced mixture is ammonia. 

77. Tfy6 method of claim 54, wherein the produced mixture comprises ammonia, and 
whereh^the ammonia is used to produce fertilizer. 



78. [ The method of claim 54, further co mprising controlling a pressure within at least 
30 a majbrity-ef4he-seteeTe3^ the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute. 
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79: The~nrethod ot claim S4, turtner comprising con trolling fuunation conditions to 

produce a mixture of condensable hydrocarbons and Bb, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 
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80. The method of claim 79, wherein the partial pressure of H2 is measured when the 
mixture is at ar production well. 

8 1 . The method of cl^in^^further comprising altering a'pressure within the 
10 formation to inhibit^roduction of hydrocarbons from th^Tormation having carbon 

numbers grWter t#an about 25. 

82. The method of claim 54, wherein contfolling formation conditions comprises 
recirculating a portion of hydrogen froin^ne mixture into the formation. 
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83. The method of claim 54, l^rtner compnsing: 
providing hydrogen (1^) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portiorf of the section with heat from hydrogenation. 

84. The mejUod of claim 54, wherein the produced mixture comprises hydrogen and 
condensable'nydrocarbons, the method further comprising hydrogenating a portion of the 
producer condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 



The method of claim 54, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 




xxTofclaim 54, wherein allowing the heat to transfer comprises 



30 substantially uniformly increasing a permeability of a majority of the selected section. 
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—-8?: The method of claim 54, further compri sing controlling Ihe h < ^ aUQ-yi£ld^greater 

than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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88. The method of claim 54, wherein producing the mixture comprises producing^ie 
mixture in a production well, and wherein at least about 7 heat sources are dispc^d in the 
formation for each production. 

89. The method of claim 54, fur !her comprising providing heaUrom three or more 
heat sources to at least a portion of me formation, wherein threg'or more of the heat 
sources are located in the formation in^>uaiLofiieat sourc^f and wherein the unit of heat 
sources comprises a miangular pattern. 
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90. The method of ctakrf 54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattenyand wherein a plurality of the units are repeated 
over an area of the formation to forjafi a repetitive pattern of units. 

91 . A method of treating a/6oal formation in situ, comprising: 
20 providing heat froip^one or more heat sources to at least a portion of the 

formation; 

allowing the/Keat to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conductivity of at least a portion 
25 of the selected section is greater than about 0.5 W/(m °C). 



92./ The method of claim 91, wherein the one or more heat sources comprise at least 
vo heat sources, and wherein superposition of heat from at least the two heat sources 
Dyrolyzes at least somejiydjxicarbofts^itliiii the Selected section of the formation. 
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~yj. The method of claim 91, wherein controlling formation coikliUunsxc 
maintaining a temperature within the selected section within a pyrolysis temperat 
range. 



O 



5 94. The method of q 
heaters. 



, wherein the one or more heat sourcegcomprise electrical 




95. The method of claim ^1 , wherein thp one or moj^heat sources comprise surface 
burners. 

10 

96. The methodof claijA 91, wherein the^atfie or more heat sources comprise flameless 
distributed combustors. 

97. The method of claim 91, whp/ein the one or more heat sources comprise natural 
1 5 distributed combustors. 

98. The method of claim/9 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 
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99. The method of claim 91 , further comprising controlling the heat such that an 
average heat)ng rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

100. / The method of claim 91 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of thecoaljarmation^rmii the one or more heat- 
sWrces, whereinthejoimatioi^ heat capacity (C v ), and wherein the heating 

30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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^ wherein-heating energy/day provided to the volume is equatte-oriess than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = ft*K*C v *ps 

wherein Pwr is tj^mating energy/day, h is an average heating rate of the 
formation, p B is fonpdtion bfulk density, and wherein the heating rate is less than abo>*f 10 
3 C/day. 



101. Theme 
transferring hekt 



hod of claim 91% v wherein allowing the heat to trans^comprises 
substantially by conduction. 



102. The metnqd of claim 91, wherein the produced'mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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103. The method of claim 91, whereiplhe produced mixture comprises condensable 
15 hydrocarbons, and wherein about OJ/% by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 

1 04. The method of cbum 9 1 , wherein the produced mixture comprises non- 
condensable hydrocaroons, and wherein a molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1 05. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
ba^fs, of the condensable hydrocarbons is nitrogen. 



106. The method of claim 91 5 wherein the produced mixture comprises condensable 

lerein less than about 1 % by weight, when caiculat^dnDn-an-atomic___ 
basis, of the condensable hydrocarbons is oxygen. 
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lethod of claim 91, wherein the produced mixture comprises concISrisaEile 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic^ 
basis, of the condensable hydrocarbons is sulfur. 
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108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, Wherein abbut 5 % by weight to about 30 % by weight of the^dondensable 
hydrocarbonycompMse oxygen containing compounds, and wherein th^oxygen 
containing c©mpounas\comprise phenols. 



10 109. The ihethod of dlainT^lrwhefein the produced mixture comprises condensable 
hydrocarbonsV and whetein greater than about 20 % / by weight of the condensable 
hydrocarbons arc aromatic compounds. 

1 1 0. The method of claim 91 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi^ng aromatics with more than two rings. 

111. The method of^zlaim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and vraerein less than about 0.3 % by weight of the condensable 

20 hydrocarbons ape asphaltenes. 
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112. TXe method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

113. The method of claim 91, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
^mponent^and-wherein the hydrogen is less than about 80 % by vuluiae-oflhe non- 
condensable component. 
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ieffiod ofclaim 91, wherein the produced mixture comprises ammonia, anc 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim^l, wherein the produced mixture comprises amjrionia, and 
5 wherein the ammonia is used taseroduce fertilizer. 
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116. The method of claim 91/ ffot|ier comprising controlling a pressure within at least 
a majority of tfie selected sec^fon of the formation, wherein theydontrolled pressure is at 
least about 2j ) bar absolute^ 

117. The method ofclaim 91, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons apd H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar/ 
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15 118. The method of claim 117, wher^n the partial pressure of H2 is measured when the 
mixture is at a production well. 

119. The method of claim/91 , further comprising altering a pressure within the 
formation to inhibit prodrfction of hydrocarbons from the formation having carbon 
20 numbers greater than'about 25. 



120. The nlethod of claim 91, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 1 . The method of claim 9 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
frthin the section; and 



heating a portion of the section with heat from hydrogenation. 
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12^^JEbe-ffleth?5d 01 claim 91, wherein the pr(Khrced4»ixtiirccomprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating^portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrog^ 
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123. The method of claini91, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than abgtA 100 
millidarcy. 



124. Tfte method of claiflfi 9sL wherein allowing the heat to transfef comprises 
10 substantially uniformly incfeasingVper meabil ily of a majority^ the selected section. 

125. The method of clafim 91, further comprising cpmrolling the heat to yield greater 
than about 6^^bywelght of condensable hydrocarbons, as measured by Fischer Assay. 

15 126. The method of claim 9 1 , wherein^roducing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production wgll. 

127. The method of claim 91, further comprising providing heat from three or more 
20 heat sources to at least i portion of the formation, wherein three or more of the heat 

sources are located^ in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



128. The method of claim 91, further comprising providing heat from three or more 
25 heat semrces to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
Stver an area of the fonnalio»4e-fbrnr a repetitive pattern of units. 



30 129. A method of treating a coal formation in situ, comprising: 
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- — piu vi di ug li ca l f iu iu u iir or more heal sources 10 ai least a- 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such tha^productiohof a substantial amount of hydrocarbons having carbon, 
numbers greater than 25 is inhibitec 

controlling a pressure wkhhAt least a majority of the selected sectiort^ff the 
formation, wherefin the controlled pressure is at least 2.0 bar; and 

producing a mixture from^e formation, wherein about (X>4o by weight of the 
produced mixture to about 15 % by weight-ofHiie produced mixture are olefins, and 
wherein an average carbon number of the produced mixtrfre ranges from 1-25. 



15 130. The method\^lam/l 29, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons Within the selected section of the formation. 

131. The method of claim 129, wherein controlling formation conditions comprises 
20 maintaining a temperature/mthin the selected section within a pyrolysis temperature 
range. 



25 



132. The metKod of claim 129, wherein the one or more heat sources comprise 
electrical hegrers. 

133. /The method of claim 129, wherein the one or more heat sources comprise surface 
burners. 



134. The method of claim 129, wherein the one or more heat sources comprise 
30 V flameless distributed combustors. 
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re method of claim 129, wherein the one or more heS 
distributed combustors. 



)rise natural 



136. The method of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled a^ function of temperature, or the temperature is controlled' as 
a function ofrpressure. 
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137. The method of claim 129^ further comprising controlling the hgm such that an 
average heading rate of the select ejection is less tljan about 1 °Cyptr day during 
pyrolysis. 

138. The method of claim 129, wherein providing h^at from the one or more heat 
sources to at least tnfc^^^ortioK sf formation comprise 

heating a selected volume (V) of the coal/formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons withm the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bylk density, and wherein the heating rate is less than about 10 
°C/day. 



25 139. The methocLof claim 129, wherein allowing the heat to transfer comprises 
transferring heat Substantially by conduction. 



30 



140. Th^method of claim 129, wherein providing heat from the one or more heat 
sources/comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sectionjs-great^i lliuu abuuL 0.3 W/(in °C). 
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144. The method of claim 129, wherein ^e produced mixture comprises condensable 
hydrocarbons, and wherein less than a^out 1 % by weight, when calculated on an atomic 
basis, of the condensable hydroca^ons is oxygen. 

145. The method of clahil 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



146. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarhems, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, andwheisin-greaiefTKa^^ 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produced mixture comprises coni 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinJess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes> 



150. Themethdd 
10 hydrocarbons, and 

condensable hydrocarbons aife eye 



of claim 129, wherein the produced mixture comprises condensable 
wherein alpQut 5 % by >v£ight to about 30 % by ^ight of the 
kanes. 



M 



151. The method ofclafm 1 29, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conden^ole component comprises hydrogen, 

15 wherein the hydrogen is greater than about lQ/% by volume of the non-condensable 
component, and wherein the hydrogen is }ess than about 80 % by volume of the non- 
condensable component. 

152. The method of claim }29, wherein the produced mixture comprises ammonia, and 
20 wherein greater than aboyx 0.05 % by weight of the produced mixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the artfmonia is used to produce fertilizer. 



25 



154. The method of claim 129, further comprising controlling formation conditions to 
product a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



155. 



le method of clai 




erein the partial pressure of H2 is measured when the 



30 mixture is at a production well. 
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1 Thf iripthn H nf rlii m 1 fhrthar co mprising alterin g_apressure within the 

formation to inhibit production of hydrocarbons from the formation havmg"fcafbon 
numbers greater than about 25. 



157. The methojkSFcIaim 1 29, further comprising: 

providing hydroger^(H 2 ) to the heated section to hydrogenate hydrocarbons 
within the sect/ion; and 

heating a portion of/t^e section with heat from hydrogenation. 

10 158. The niethod of clafim 129>wber£in the produced mixture copaffrises hydrogen and 
condensable hydrocarbons, the method further comprising hy$k6genating a portion of the 
produced conden§abfe hydrocarbons with at least a portion of the produced hydrogen. 

1 59. The method of claim 129, wherein allo*<ang the heat to transfer comprises 
15 increasing a permeability of a majority opthe selected section to greater than about 100 
millidarcy. 



20 



160. The method of clainyl29, wherein allowing the heat to transfer comprises 
substantially uniformly krcreasing a permeability of a majority of the selected section. 

161 . The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 %by weight of condensable hydrocarbons, as measured by Fischer Assay. 



162. Tfte method of claim 129, wherein producing the mixture comprises producing 
25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the/formation for each production well. 
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163. The method of claim 129, further comprising providing heat from three or more 
nfe^t sources to at least a portion r^Tjjif formating wherein three ormore of the heat 
sources are rocated4n4he^Sn^ a unit of heat sources, and wherein the unit^of-heat 

sources comprises a triangular pattern. 
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164.. 



5o3"oFclaim 129, further comprising providing heat fromtf 



more 



heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat/ 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the fofmationtesform a repetitive pattern of units. 



/ \ 



165. The method 
into a gas stream an 



of claim 129, further comprising separating the proceed mixture 
a liquid st 



166. The method of\claim 1£9, further comprising separating the produced mixture 
into a gas stream and a nutria stream and separating the / Hquid stream into an aqueous 
stream and a non-aqueous stream. 



15 167. The method of claim 129, wherein the produced mixture comprises H2S, the 
method further comprising separating a^ortion of the H2S from non-condensable 
hydrocarbons. 



Q 



168. The method of claim [Ju.9, wherein the produced mixture comprises CO2, the 
20 method further comprising separating a portion of the C0 2 from non-condensable 
hydrocarbons. 



25 



169. The method of claim 129, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 



170. ^Fhej iiethod of claim 1 29 r w herein the mivtiire i<; prnHnrf d from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



30 
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le method of claim 129, wherein the mixture is produced^ronra-^roduction 
well, wherein a wellbore of the production well comprises a heater element configurecNo 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable,hydmqarbon gas component and H2. 



172. The met 
270 °C. 



of claim 129, wherein the minimum pyrolysis^emperature is about 
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10 173. The method of claim A 29, further comprising rrtaintaining the pressure within the 
formation abovkabout 2.0 l^ar absolute to inhibit production of fluids having carbon 
numbers above 25> 

174. The method of claim 129, furthe/ comprising controlling pressure within the 
15 formation in a range from about atmospheric pressure to about 100 bar absolute, as 

measured at a wellhead of a prochiction well, to control an amount of condensable fluids 
within the produced mixture, Wherein the pressure is reduced to increase production of 
condensable fluids, and wherein the pressure is increased to increase production of non- 
condensable fluids. 

20 

175. The method^of claim 129, further comprising controlling pressure within the 
formation in a rarige from about atmospheric pressure to about 100 bar absolute, as 
measured at aywellhead of a production well, to control an API gravity of condensable 
fluids withiii the produced mixture, wherein the pressure is reduced to decrease the API 

25 gravity, and wherein the pressure is increased to reduce the API gravity. 



30 



176. / A method of treating a coal formation in situ, comprising: 

providing heat from one or more he at sources to at least a portion of the 
form^timi; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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.controlling a p r^^ rf ! within nt Irnit n mn j o r i ty of t hfL'Hrctrri section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute faBt 
producing a mixture from the formation. 



177. Ther method of claim 176, wherein controlling the pressure comprises cpfrffolling 
the pressu/e with ^/alve coupled to at least one of the one or more heat jjprfrces. 



178. Thfe method 
the pressure with a 



fclairp 176, wherein controlling the prendre comprises controlling 
^alve coupled to a production well locked in the formation. 



179. The method of claim 176, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition/of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons wjtnin the selected section of the formation. 

1 80. The method of claim 1 76< /< wherein controlling formation conditions comprises 
maintaining a temperature wjtnin the selected section within a pyrolysis temperature 
range. 

181. The method }f claim 1 76, wherein the one or more heat sources comprise 
electrical heater 

182. The method of claim 176, wherein the one or more heat sources comprise surface 
burners. 

[83. The method of claim 176, wherein the one or more heat sources comprise 
flameless distributed combustors. 



,1 84. Them ethocL 
distributed combustors. 



^"wherein tne one or more heat sources comprise natural 
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18S, — Tbe-metKoaof claim 176, further comprismgcoT 



jitemperature within at 



least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function 
pressure. 

1 86. The method of claim 1 76, further comprising controlling the heat sudi that an 
average heating r^oTtl\e selected section is less than about 1 °C per 4#y during 
pyrolysis. 
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1 87. The method of clairn 1 76, wherein providing heat fhyn the one or more heat 
sources to at least the portion of formation comprises: 

heating! a selected volume (V) of the coal formation from the one or more heat 
sources, whereila the formation has an average heaLcapacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the/selected volume of the formation; and 

wherein heating energy/day provided the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation^ 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk depfsity, and wherein the heating rate is less than about 10 
°C/day. 



1 88. The method of claim 1 76, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 1 89. The method'of claim 1 76, wherein providing heat from the one or more heat 

sources comprised heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 90. TWe method of claim 1 76, whereii 



mxliue tuiiipiises tuudei Ysable^ 



30 hydrocarbonshaving an API gravity of at least about 25°. 
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Hrr The method of claim 176, wherein the proBuceaTTrixttw^xomprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of tKe" 
condensable hydrocarbons are olefins. 



192. The method of cl 
condensable hydrocarb 
condensable hydrocar 

193. The method o 
hydrocarbons, and wi 



fcrein the produced mixture comprises non- 
and ivherein a molar ratio of ethene to ethane in the non- 

about 0.15. 




produced mixture comprises condensable 
than about 1 % by weight, when cakfulated on an atomic 



basis, of the condensabVjiydjrtScarbons is nitrogen. 
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194. The method of claim 176, wherein the produp^d mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %Jby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

195. The method of claim 176, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein les^than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

196. The method^of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, vmerein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

197. The method of claim 176, wherein the produced mixture comprises condensable 
hyckog arbons, and wherein greater than about 20 % by weight of the conde nsable 
hydrocarbons are aromatic compounds. 
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^— TKernethod of claim 176, wherein the produced mixture comprises ct 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



10 



15 



199. The method of claim 176, wherein the produced mixture comprises^ndensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the conj&nsable 
hydrocarbons are asnhaltenes. 



200. The meth 
hydrocarbons, arid 
condensable hyd 




»d of clann 1 76, wherein the produced mixture comprises condensable 
whereimabout 5 % by weight to atjmit 30 % by weight of the 
•carbons are-c^^ioalkanes. 



20 1 . The method o^claim 1 76, wherein tne produced mixture comprises a non- 
condensable component, wherein the norf-condensable component comprises hydrogen, 
wherein the hydrogen is greater than ^out 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



202. The method of claim 176, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

203. The method of claim 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 204. The method of claim 176, further comprising controlling formation conditions to 
produce; a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



205\ The method of H^nmJ704 wherein the partial pressure ofLH a-ifr-measured when ihe 
30 mixfttr«-4s^at^^r0<Iuction well. 
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""266: — The method of c laim 1 76, further comprising altering a pressure withk 
formation to inhibit production of hydrocarbons from the formation having cajtfon 
numbers greater than about 25. 



5 207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

208. The method of claim 176, further comprising: 

providing hydrogen (H2) to the heated section to hj^frogenate hydrocarbons 
10 within the section; and 

heating a portion of the section with heat fron/hydrogenation. 



15 



209. The method of claim 176, wherein the^produced mixture comprises hydrogen and 
condensable hydrocarbons, the metho^furt^r comprising hydrogenating a portion of the 
produced condensable hydrocarbons wim/ayea^ra portion of the produced hydrogen. 



20 



210. The method of claim 176, Wherein allowing the heat to transfer comprises 
increasing a permeability of a ijrcijority of the selected section to greater than about 100 
millidarcy. 

211. The method of^laim 176, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



212. The method of claim 176, further comprising controlling the heat to yield greater 
25 than aboukoO % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 




213/ The method of claim 176, wherein producing the mixture from the formation 

>mprises producing the mixture in a production well, and wherein at least about 7 heat 
sniirees a ffr riisp ngf Tl in t h e f o r m ation f n r rurh prn d n rt i n n we ll . 



214. A method of tfcifing a coal formation in situ, comprising: 
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providing heat from one or more heat/ sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

controlling a pressure within at leapt a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the onJor more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and / 

producing a mixture from the /formation. 

"2T5: r he method of claim 214, wheiein the one or more heat sources co niprise.aU ka& 

two heat sources, and wherein superposition of heat from at least the two heat sopfces 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

2 1 6. The method of claim 214, wherein controlling formationp<5nditions comprises 
maintaining a temperature within the selected section witMja^pyrolysis temperature 
range. / 

2 1 7. The method of claim 214, wl^iirjfae one or more heat sources comprise 
electrical heaters. / IK / 

218. The method of claw^i 1 4, wherein the one or more heat sources comprise surface 
burners. X 

2 1 9. The itfethod of claim 214, wherein the one or more heat sources comprise 
flamelestfaistributed combustors. 

/220. The method of claim 214, wherein the one or more heat sources comprise natural 
distributed combustefsr 
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22TT — The method ot claim 2 14, turther comprismgxoftteoUir^^ and a 

temperature within at least a majority of the selected section of the formatiorvwtterein 
the pressure is controlled as a function of temperature, or the temperature is contrjmed as 
a function of pressure. 

222. The method of claim 214, further comprising controlling threat such that an 
average heating rate of the selected section is less than about 1 per day during 
pyrolysis. 




223. The method of £la\m 214, wherein providing/fieat from the one or more heat 
sources to at Ijbast the rfortiml^f^brmation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherei^h/formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons w#hin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formatiop^oulk density, and wherein the heating rate is less than about 10 
°C/day. 

224. The meth^ci of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 225. The method of claim 214, wherein providing heat from the one or more heat 

source^ comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



16. The method of claiBX-244Twfierein the produced mixture comprises condensable 
30 hySroearbensiiaving an API gravity of at least about 25°. 
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227. The methodjrExlakn-Si^Tl^ierein the produced mixturecortlprise§ condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of l|ie 
condensable hydrocarbons are olefins. 



228. The method of claim 214, wherein the produced mixture comprises Jion- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about/ 5 % by weight 
of the non-condensable hydrocarbons are olefins. 



229. The methg/d of clfcfcn 214, wherein the produced mixtur^comprises non- 
condensable hydfocarbon&Aand wherein a molar ratio of ethane to ethane in the non- 
condensable hydrocarbons iWrgs from #bout 0.001 to about 0.15. 

230. The methockof claim 214, wherein the proddced mixture comprises condensable 
hydrocarbons, and wfts^eiryless than about 1 %/6y weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



23 1 . The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tlWi about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

232. The method of clmm 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



233. The/method of claim 214, wherein the produced mixture comprises condensable 
hydrocapoons, wherein about 5 % by weigitjo about 30 % by weight of the condensable 
hydrocarbons comprise oxygen-eontaining compounds, and wherein the oxygen 
contairiln?rcnrnpounds comprise phenols. 
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234. The method of clahiL244rwheieiii Lhe produced mixtui^Qomprises condensable 
hydrjicafbcRls7and wherein greater than about 20 % by weight of the concte^sable 
hydrocarbons are aromatic compounds. 



235. The method of claim 214, wherein the produced mixture comprises coj/densable 
hydrocarbons, a«d~wherein less than about 5 % by weight of the condensaljl 
hydrocarbons comprises rnulti-ring aromatics with more than two rings, 




236. 

hydrocarbons, and wher^i: 
hydrocarU 



im 214, wherein the produced mixture/comprises condensable 
ut 0.3 % by weight^! the condensable 



237. The m£thod^eff claim 214, wherein the pnrauced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by wej^it to about 30 % by weight of the 
condensable hydrocarbons are cycloalkajies. 



238. The method of claim 214,/vherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherehj the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

239. The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein gj?eater than about 0.05 % by weight of the produced mixture is ammonia. 

240/ The method of claim 214, wherein the produced mixture comprises ammonia, and 
therein the ammonia is used to produce fertilizer. 



24 1 . The method of claiiiL214-w4iercrrrcontrolling the heat further comprises 
^ntroffingTEe heat such that coke production is inhibited. 
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242. The method of claim 214, further comprising controITIHg^brmation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressw^ofHt 
within the mixture is greater than about 0.5 bar. 



243. The method of claim 242, wherein the partial pressure of H2 is measured whej/the 
mixture is at a production well. 



244. The method ^of claim 2|4, further comprising altering the pressure^ithin the 
formation to inhib/t productiorAof hydrocarbons from the formation having carbon 



numbers greater 



lan about 251 



245. The method of claim 1 14, wherein controlling formation conditions comprises 
recirculating a pokion of hydrogen from the mixture^nto the formation. 



246. The method of claim 214, further cogiprising: 
providing hydrogen (H2) to the l^ated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the seiction with heat from hydrogenation. 

247. The method of claim 214, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

248. The^method of claim 214, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2f9. The method of claim 214 2 3hereki-aHiyW^ heat to transfer comprises 
s^tantialbu^ifbrfnl^ increasing a permeability of a majority of the selected section. 
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^0 Th^4TH4hM~ r ^lfl*r n further comprising conffniim^i^jieat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fiscfte*>^ssay. 



251. The method of claim 214, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in y 
the formation for each production well. 



10 
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252. The method of jdaim 214, Iftirther comprising providing heat from three optnore 
heat sources to at le^t a portion \>f the formation, wherein three or more of tjae heat 

n the format jbn in a unit of heaj/sources, and whereirfthe unit of heat 
triangular pattern. 



sources are located 
sources comprises a 



253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at leasrqj>ortion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

254. A method of treating a com Formation in situ, comprising: 
providing heat from ojxe or more heat sources to at least a portion of the 

formation; 

allowing the hedt to transfer from the one or more heat sources to a selected 
section of the formmion; 

producing a mixture from the formation, wherein at least a portion of the mixture 
is produced ^uring the pyrolysis and the mixture moves through the formation in a vapor 
phase; and 

laintaining a pressure within at least a majority of the selected section above 
about' 2.0 bar absolute. 



30 ^55. The method of claim 254, wherein the one or more heat sources comprise at least 
ttyo heat sources, and wherein superposition o f heat from at least the two heat so urces 
js-aLleastsome4TydfocS : bons within the selected section of the formation. 
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le method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

257. The metho4~ef<4aim 254, wherein the one or more heat sources compnse 
electrical heaters. 

258. The method of clair^254 5 wherein the one or more heat s^rfrces comprise surface 
burners. 





259. The meuiod of claimf 254, wherein the one or mjare heat sources comprise 
flameless distributed combustors. 

260. The method of claim 254, wherein the ffne or more heat sources comprise natural 
distributed combustors. 



261 . The method of claim 254, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fupction of temperature, or the temperature is controlled as 
a function of pressure. 

262. The method of clafm 254, further comprising controlling the heat such that an 
average heating rate o^the selected section is less than about 1 °C per day during 
pyrolysis. 



263. The rn^thod of claim 254, wherein providing heat from the one or more heat 
sources to A least the portion of formation comprises: 

{eating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein .the formatiorUias^i^eia ge heat capacity (C v )j anri ^yherein the heating 
pyrolyzes at leastsome hydrocarbons within the selected volume of the formation; and 
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leating energy/day provided to the volume is equal to or less than P\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than^tfout 10 
°C/day. 



264. The method </f claim 254> wherein allowing the heat to tjrinsfer comprises 

conduction. 



transferring heat su 



265. The methoc 



istantially 



by i 



of claim Z254, wherein providing heat from the one or more heat 
sources comprises Heating the selected section stich that a thermal conductivity of at least 
a portion of the selected-Section is greater thmi about 0.5 W/(m °C). 



266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravjfy of at least about 25°. 

267. The method of claim / 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

268. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the nonTCondensable hydrocarbons are olefins. 



269. / The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condeqsable hydroc^feons-x^ges-froni about 0.00 1 to about u.is. * 
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270. Thejnethodurf ^laiin 254, wlicieiii die pi od ub ^djiiijcture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calcuIateeLcm an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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271 . The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic/ 
basis, of the condensable hydrocarbons is oxygen. 



272. The method of clai; 
hydrocarbons, and wherein 




n the produced mixture comprises condensable 
ess than about 1 % by weight, when calculated on atomic 



20 



basis, of the condensable hydrocarbons is sulfur. 

273. The method of claim 254, wherein the produced mixture coplprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by^Weight of the condensable 
hydrocarbons comprise oxygen containing compounds, ajxfwherein the oxygen 
containing compounds comprise phenols. 

274. The method of claim 254, wherein^tfie produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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275. The method opdaim 254, wherein the produced mixture comprises condensable 
hydrocarbons, anpKwherein less than about 5 % by weight of the condensable 
hydrocarbon^xomprises multi-ring aromatics with more than two rings. 

276. / The method of claim 254, wherein the produced mixture comprises condensable 
hyHrhftarbnns, and wherrin W . n th n n nluni l 0 1 % by weight nt the condensable 
hydrocarbons are asphaltenes. 
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-¥Ffr — "the method ot claim 254, wherein the produced mi^^nrexroaprisgscondensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



m 
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278. The method of claim 254, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen i£_greater than about 10 % by volume of the non-condens#ble 
component, and whpein the fiydrogen is less than about 80 % by volume of)tne non- 
condensable component. 



279. The methop of claim 
wherein greater than about C 



2 5 q^ ^hei ginrme produced mixture je^mprises ammonia, and 
,05 % by weight of the producedroixture is ammonia. 



280. The method of claim 254, wherein the produ^^d mixture comprises ammonia, and 
15 wherein the ammonia is used to produce fertilize? 

28 1 . The method of claim 254, whereip^the pressure is measured at a wellhead of a 
production well. 



20 282. The method of claim 264, wherein the pressure is measured at a location within a 
wellbore of the production'well. 

283. The methqfK)f claim 254, wherein the pressure is maintained below about 100 bar 
absolute. 



25 



284. Tne method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
witnin the mixture is greater than about 0.5 bar. 



30 285. The method of claim 284, wherein the partial pressure of H2 is measured whenthe 
mixture is at a production well. 
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C ?8<L — TheTfiefKod^bf claim 254, further comprising altenng~aT}ressu^ the 
formation to inhibit production of hydrocarbons from the formation having carbon" 
numbers greater than about 25. 

5 

287. The method of claim 254, wherein controlling formation conditions comprises, 
recirculating a portierrethydrogen from the mixture into the formation. 
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288. The method of claim 25^, further comprising: 

providing hydrogen ( 
within the sec tion; and 
heating a portion 




^2) to the heated section to hydrogenate^nydrocarbons 
eat from hydro^enation. 




289. The method of cl^im 254, wherein the prodticed mixture comprises hydrogen and 
condensable hydrocarbons, the method furtherxx)mprising hydrogenating a portion of the 
produced condensable hydrocarbons wit^m least a portion of the produced hydrogen. 

290. The method of claim 254/wherein allowing the heat to transfer comprises 
increasing a permeability of / £<majority of the selected section to greater than about 100 
millidarcy. 

291. The met}*od of claim 254, wherein allowing the heat to transfer comprises 
substantiall/uniformly increasing a permeability of a majority of the selected section. 



25 292/ The method of claim 254, further comprising controlling the heat to yield greater 
lan about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



293. The method of claim 254, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
juiialiun fur each production well. 
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-294: rhe method of claim 254, further comprising providing heat fromTEreS 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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295. The method of claim 254, further comprising providing heat from three oi'more 
heat sources to at least a poptiTfrToftfje formation, wherein three or more o£*ne heat 
sources are located in th/formamon in a unit of heat^ources, whereinjKe unit of heat 
sources comprises a triangular pattern, and wh^ran a plurality ofme units are repeated 
over an area of the formation to/foqiiaj^tJetitive pattern of umts. 
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296. A method of treating a/coal formation in situyelomprising: 

providing heat freoLone or more heat sondes to at least a portion of the 
formation; 

15 allowing the heat to transfer fronvfhe one or more heat sources to a selected 

section of the formation; 

maintaining a pressure witfun at least a majority of the selected section of the 
formation above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
20 condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydraefarbons in a mixture producible from the formation at the same 
temperature ancnit atmospheric pressure. 



297. TJnc method of claim 296, wherein the one or more heat sources comprise at least 
25 two h£at sources, and wherein superposition of heat from at least the two heat sources 
pypolyzes at least some hydrocarbons within the selected section of the formation. 



30 



298. The method of claim 296, wherein controlling formation conditions comprises 

iintaining a temperature within the-selected^eGtian-wiAi^ 
range. 
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■299: The method of claim 296, wherein the one or more heatsourcS 
electrical heaters. 



300. The method of claim 296, wherein the one or more heat sources comprjseTsurface 
5 burners. 



301. iW method of claim 296, wherein the one or more heat spaces comprise 
flameless ( istributed cWbustors. 

10 302. The method of claim 296, wherein the one or ^ore heat sources comprise natural 
distributed cotnbustors./ 
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303. The method of claim 296, further aefmprising controlling the pressure and a 
temperature within at least a majority ofthe selected section of the formation, wherein 

15 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

304. The method of claim 296, further comprising controlling the heat such that an 
average heating rate o^ftie selected section is less than about 1 °C per day during 

20 pyrolysis. 

305. The method of claim 296, wherein providing heat from the one or more heat 
sources to aft least the portion of formation comprises: 

£ating a selected volume (V) of the coal formation from the one or more heat 
25 source^, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyr^lyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energyZday-provided to the volume is equal to or less than Pwr, 
wherein ^wrTTcalculated by the equation: 
Pwr = h*V*C v *p B 
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whereinjg^^ cadgy/day, // is -^a^eiageheatmg rate of the 

formation, p B is formation bulk density, and wherein the heating rate isless.than about 10 
°C/day. 



5 306. The methpd-of claim 296, wherein allowing the heat to transfer comprises 
transferring he^t substantially by conduction. 

307. The m ethod of ckftm 296, wherein providing heat from^the one or more heat 



sources comp 



ises heatin 



10 a portion of the selected s 



tns^selegtea section such thatXthermal conductivity of at least 
:ction is greater than abouff).5 W/(m °C). 



308. The method of claim 296, wherein/the produced mixture comprises condensable 
hydrocarbons having an API gravity of it least about 25°. 



15 309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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310. The metHbd of claim 296, wherein the produced mixture comprises non- 
20 condensable ^hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non/condensable hydrocarbons are olefins. 



311./ The method of claim 296, wherein the produced mixture comprises non- 
conaensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0.15. 



312/VThe method of claim 296, wherein the produced mixture comprises condensable 

TiyHrnparKnnT^^Tw fet^in 1^ thnn nhnnt 1 % hy weight , when ralrnlatpH nn an atomir 

basis, of the condensable hydrocarbons is nitrogen. 
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3\3 J _JThsJxie^^^ 2%, wherein the produced mixture compiTses-CQridensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic" 
basis, of the condensable hydrocarbons is oxygen. 



m 



10 



15 



3 14. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atorpic 
basis, of the condensable hydrocarbons is sulfur. 

315. The meth/fci of claim \f)6, wherein the produced mixture compri^ds condensable 
hydrocarbons, ^herein about & % ( by weight to about 3Q-% by weig)K of the condensable 



hydrocarbons 



:omprise oxygen cqfltmning^omp6unds ? and wherein the oxygen 



containing compounds comprise phenols. 

316. The method ofpmim 296, wherein the prodded mixture comprises condensable 
hydrocarbons, and wherein greater than about 2j) / % by weight of the condensable 
hydrocarbons are aromatic compounds. 



20 
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3 1 7. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-rfng aromatics with more than two rings. 

318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are a^phaltenes. 

319. The rafethod of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 320. \The method of claim 296, wherein the produced mixture comprises a non- 

condensabfe4 &mponenL ja&ere component comprises hydrogen, 
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~* ¥h"TH n t he h yri n?fy»n * g p rffc at^ r t h an uv<^ by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80%BV^wtemej)f the non- 
condensable component. 
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5 321 . The method of cltim 296, wherein the produced mixture comprises aparfibnia, and 
wherein greater than about 0.05 % by weight of the produced mixture^siuiimonia. 

322. The method of c/iaim 296, wherein the produced mjxfure comprises ammonia, and 
wherein the amfhom^is used to produce fertilizer. 

10 

323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrop^irbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

15 324. The method of claim 296, wherein the partial pressure of H2 is measured when the 
mixture is at a production/well. 



£ 



325. The method'of claim 296, further comprising altering a pressure within the 
formation to injnbit production of hydrocarbons from the formation having carbon 
20 numbers greater than about 25. 



326. / The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 / 327. The method of claim 296, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
^within the section; and 

heaHng~aTport^ from hydrogenation. 
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^328^JT1^^ hydrogen and 

condensable hydrocarbons, the method further comprising hydrogenatirTg-a^ortion of the 
produced condensable hydrocarbons with at least a portion of the produced hydros 

329. The mettySd of claim 296, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than abfmt 100 
millidarcy. 



330. The method of claim 2 
substantially uniformly increas 



owing the heat to transfer comprises 
ng a permeability of a majority of the selected section. 



331. The method offcteim"296, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

332. The method of claim 296, whemn producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each productioir well. 

333. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a /ortion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

334. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of theunits^fe repeated 
over an area of the formation to form a repetitive pattepi^efllhits. 



335. A method of] 



a coal formation in situ, comprising: 
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providing hea t from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sourc^to a selected 
section of the formation; 

maintaining a pressure within at least a majority of the selected /ection of the 
formation to above 2.0 bar absolute; and 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio o£greater than about 1.75. 



336. pie method of claim 335, wherein the one or mor^heat sources comprise at least 
two heat sources, aiw wherein superposition of heat fr0m at least the two heat sources 
pyrolyzes at least someli^idrcKiarbons within the selected section of the formation. 

337. Thevmethod or claim 335, wherein cemtrolling formation conditions comprises 
maintaining a tSmjJerature within the selected section within a pyrolysis temperature 
range. 



338. The method of claim 3/5, wherein the one or more heat sources comprise 
electrical heaters. 

339. The method <y( claim 335, wherein the one or more heat sources comprise surface 
burners. 

340. The method of claim 335, wherein the one or more heat sources comprise 
flameless/listributed combustors. 

341. / The method of claim 335, wherein the one or more heat sources comprise natural 
distributed combustors. 



342. The method of claim 335, fiiilhej^cQmprtsitt g c onti o ffi ng the pl e a s u re 

^XBhis^^i^Sfat least a majority of the selected section of the formation, wherein 
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t he pressure is controlled as a function of temper ature, or the temperature is controlled as 
a function of pressure. 

343. The method of claim 335, further comprising controlling the heat such that ; 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 




344. The 
sources to at 

heatiri 
sources, wheri 
pyrolyzes at lea^ some 

wherein 



fethod of clairm335, wherein providing heat from the one or mor^neat 
east the portionVpf formation comprises: 
a selected volun^eYF) of the/coal formation from the on^br more heat 
the formation ha^Waverage heat capacity (C v ), ajra wherein the heating 
arbons within the selected volupfe of the formation; and 
y/day provided to the volumes equal to or less than Pwr, 



wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day^ is an average heating rate of the 
formation, p B is formation bulk density, aptn wherein the heating rate is less than about 10 
°C/day. 

345. The method of claim/335, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

346. The method of claim 335, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portioji }f the selected section is greater than about 0.5 W/(m °C). 



34^. The method of claim 335, wherein the produced mixture comprises condensable 
/drocarbons having an APIjgrg 



STa5out25°. 
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"348: — The method ot claim as, wherein th^jrodtteedjiujcti^ei comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight-eflthe 
condensable hydrocarbons are olefins. 



349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbon<and wWein about 0.1 % by weight to about 15 % by weight 
of the non-condensab|e hydrocarbons are olefins. 

350. The method 
condensable 
condensable hydro 




of claim 335, ^herein the proceed mixture comprises noja< 
hydrojearbons, and wjierbin a moldr ratio of ethene to ethan^in the non- 
arbons ranges/ from about 0.001 to about 0.15. 



351. The method of^laim 336, wherein the produced^mxture comprises condensable 
hydrocarbons, and wherein less than about 1 % by^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitpefgen. 

352. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less^nan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyorocarbons is oxygen. 

353. The method/of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the/condensable hydrocarbons is sulfur. 



354. / The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
(ydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise ph^n^fcr 
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355 : _Jhajftethe^ comprises condensable 

hydrocarbons, and wherein greater than about 20 % by weight of tn§ s eqndensable 
hydrocarbons are aromatic compounds. 



10 



356. The method of claim 335, wherein the produced mixture comprised condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons cqijiprises multi-ring aromatics with more than two riiigs. 




357. The/method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboyt 0.3 % by we^ht of the condensable 
hydrocarbons are asphl 




15 



358. The method of ilaim 335, wherein th^ produced mixture comprises condensable 
hydrocarbons, ahd^herein about 5 % byweight to about 30 % by weight of the 
condensable hydrocarbons are cycloalKanes. 



III 
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359. The method of claim 3o5, wherein the produced mixture comprises a non- 
condensable component, wnerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wljdrein the hydrogen is less than about 80 % by volume of the non- 
condensable coirfbonent. 



25 



360. The method of claim 335, wherein the produced mixture comprises ammonia, and 
whereiV greater than about 0.05 % by weight of the produced mixture is ammonia. 

3p\ . The method of claim 335, wherein the produced mixture comprises ammonia, and 
/wherein the ammonia is used to produce fertilizer. 



362. The method of claim 335. further comprising controlling formation renditions to 



30 produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 
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/ -363: — TfieTnethod of claim 335, wherein the partial pressure of H2 is measured wt 
mixture is at a production well. 



364. The method of claim 335, further comprising altering the pressure wifhin the 
formation to inhibit production of Hydrocarbons from the formation haying carbon 
numbers greater than/about 25. 



365. The method of claim : 
recirculating a portion of hy< 




3 5^^ierein controlling forafation conditions comprises 
ogen from the mixture imo the formation. 



366. The method of claim 335, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



367. The method of clainyo35, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbon^; the method further comprising hydrogenating a portion of the 
produced condensable Jiydrocarbons with at least a portion of the produced hydrogen. 

368. The methcra of claim 335, wherein allowing the heat to transfer comprises 
increasing a p^nneability of a majority of the selected section to greater than about 100 
millidarcy. 

369. yThe method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



J70. The method of claim 335, further co mprising controlling the heat to yield gr eater 
maiLahcuit-60-%i5yl^ condensable hydrocarbons, as measured by Fischer Assay. 
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32L Ihe-i»ethTrd"T5fclaim 335, wherein producing the mixture comprises pr 

the mixture in a production well, and wherein at least about 7 heat sources are digf*6sed in 
the formation for each production well. 



1:1 
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372. The tnethod of^laim 335, further comprising providing heat/from three or more 
heat sources to at lea&t apportion of the formation, wherein three/ft 1 more of the heat 
sources arjb located in "fee formation in a unit of heat sourcesy/and wherein the unit of heat 
sources cc mprises a triangular pattern. 

10 373. ThA method of clsmm 335, further comprising providing heat from three or more 
heat sources \o at least a portion of the formatioff, wherein three or more of the heat 
sources are located in the/ formation in a unit/of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, arya wherein a plurality of the units are repeated 
over an area of the formation to form ^/repetitive pattern of units. 

15 

374. A method of treating a co^l formation in situ, comprising: 

providing heat from oije or more heat sources to at least a portion of the 
formation; 

allowing the heat /o transfer from the one or more heat sources to a selected 
20 section of the formation; 

maintaining/ pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
a higher anmint of non-condensable components as compared to non-condensable 
25 componems producible from the formation under the same temperature conditions and at 
atmosimeric pressure. 



30 



3^5. The method of claim 374, wherein the one or more heat sources comprise at least 
vo heat sources, and wherein superpositionji£Jieat4^ 

rolyzes at least^offleii)^3rocarbons within the selected section of the formation. 



Conley, Rose & Tayon, P.C. 



3f&. — The metho d ot claim 3/4, wherein coniro lling fox i llation ronditions xoraprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



5 377. The methoc; 
electrical heater 



"clahn 374, wherein the one or more heat sources comprise 



in 
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378. The friethod of claim j^74, wherein the one or more heat sour^s comprise surface 
burners. 

379. The Method of clain/ 374, wherein the one or m<)x€ heat sources comprise 
flameless distributed combjhstors. 



380. The method of claim 374, wherein tlj 
15 distributed combustors. 



; one or more heat sources comprise natural 



20 



381. The method of claim 374 Either comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled a function of temperature, or the temperature is controlled as 
a function of pressure. 



25 



382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



383. / The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 \jyrolyzes at leastjoiaaJ^y ^ ocaib ons within the selected volume uf t h e fum uX ioii^and^ 



Conley, Rose & Tayon, P.C. 



- wh e rein hea ti ng enei^y/day proVided ~ to 4heJto*lui^ equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less tha^about 1 0 
°C/day. 



00 



384. The method of/6laim 374, wfrerfein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

385. The method of claim 374, Wherein^Qyiding l^tirom the one or more heat 
sources comprises Heating the selected section sucblhat a thermal conductivity of at least 
a portion of the selected section is greater than ^toout 0.5 W/(m °C). 

15 386. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity/xf at least about 25°. 



m 
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387. The method of claim 3//4, wherein the produced mixture comprises condensable 
hydrocarbons, and whereir/about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbj2fns are olefins. 
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388. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non^condensable hydrocarbons are olefins. 



389/ The method of claim 374, wherein the produced mixture comprises non- 

mdensable hydrocarbons, and whereinjuaolawafci^^ 
'condensable hydi^^ifeoilfranges from about 0.001 to about 0.15. 
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^-390; — TheTnettioctlJfct^^ comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calcuIateaTm-an-atamic 
basis, of the condensable hydrocarbons is nitrogen. 



□ 



391 . The method of claA 374, wherein the produced mixture comprises condensable 
hydrocarbons,/and wherein^less than about 1 % by weight, when calculate?! on an atomic 



basis, of the c ^ndensable hj 



Irocarbons is oxygen. 



392. The me\hod of claim 374, wherein the producejJ'mixture comprises condensable 
10 hydrocarbons, an&^hgpein less than about 1 % byweight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulf 

393. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % byweight to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen cjemtaining compounds, and wherein the oxygen 
containing compounds comprise phenols. 



O 

m 

O 
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394. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein greater than about 20 % by weight of the condensable 
hydrocarbons are' iromatic compounds. 



25 



395. Th^; method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein]^ 
hydfocarbons^e asphaltenes. 



). J % by weight of the condensable 
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397. I b£-methed-ofrtetm 374, wherein the produced mixture compnses conderTS 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable componen^omprises hydrogen, 
wherein the Hydrogen is greater than about 10 % by volume pfthe non-condensable 



component. 



condensable componen :. 



'and where 



399. TheWethod of 
wherein greater than 



the hydrogen jsTess than abouUJD % by volume of the non- 



laim 374, wherein tKe produced mixture comprises ammonia, and 
0.05 % by weight of the produced mixture is ammonia. 



about 



400. The metholi-tff claim 374< wherein the produced mixture comprises ammonia, and 
15 wherein the ammonia is used/u) produce fertilizer. 



20 



401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of/ondensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture/s greater than about 0.5 bar. 

402. The method of claim 374, wherein the partial pressure of H2 is measured when the 
mixture is a/i a production well. 



403. /The method of claim 374, further comprising altering the pressure within the 
25 fornj&tion to inhibit production of hydrocarbons from the formation having carbon 
nufnbers greater than about 25. 



30 



'404. The method of claim 374, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating^portion of the section with heat from hydrogenation. 
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le method of claim 374, wherein the produced mixture comprises hydrogen qfid 
condensable hydrocarbons, the method further comprising hydrogenating a portion pi the 
produced condensable hydrocarbons with at least a portion of the produced hydrdgen. 



y 
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406. The method of claim 374, wherein allowing the heat to transfer cemiprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



407. The method of 




m 374, wherein allowing the hear to transfer comprises 
increasing ^permeability of a majority of the selected section. 



substantially uniformly mc 
408. The metliod of claim 374, further comprising controlling the heat to yield greater 



than about 60 % 



i by weigh 



ht of condensable hydrocarbons, as measured by Fischer Assay. 



409. The method of claim 374, wherein Producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production wej? 

410. The method of claim 374/ further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at teast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area/of the formation to form a repetitive pattern of units. 



30 



412. AbelhotL 
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lore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat^mirces 
pyrolyzes at least about 20 % by weight of hydrocarbons within the selectpd'section of 
the formation; and 

producing aifnxture from the formation. 



413. The met! 
two heat source; s 
pyrolyzes at le; 



412, wherejH^the one or more'heat sources comprise at least 
wherbinSnpefposition of heat fpn at least the two heat sources 
hydrocarbons within the selected section of the formation. 



414. The methoaDf^laim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

415. The method of claim/412, wherein the one or more heat sources comprise 
electrical heaters. 

416. The meth^a of claim 412, wherein the one or more heat sources comprise surface 
burners. 

417. The method of claim 412, wherein the one or more heat sources comprise 
flameless distributed combustors. 

18. The method of claim 412, wherein the one or more heat sources comprise natural 
distributed combustors. 



419. The method of claim 412, further comprising controlling a pressure and a 
temperature within at least a ma jority o f thp <u»\f*rt<*A ^tirm of th^ fnrmntirm, w h^p * j n 
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ressure is controlled as a function of temperature, or the temperature is a 
a function of pressure. / 



itrolled as 



420. The method of claim 412, further comprising controlling the4ieat such that an 
average heating rate of the selected section is less than about 1 °Jc per day during 
pyrolysis. 



421. Th 

sources to at least the 



ethod o£Vaim 412, wherein providing h^at from the one or more heat 
ion of formation comprises: 



feating a selected volurjafe (V) of the conformation from the one or more heat 
sources, wherein the fpromtion has an average heat capacity (C v ), and wherein the heating 
pyrolyzos at least some hydrocarbons witjafin the selected volume of the formation; and 
erein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein iVHs-emculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heafing energy/day, h is an average heating rate of the 
formation, p B is formation Jzfulk density, and wherein the heating rate is less than about 10 
°C/day. 



422. The methoja of claim 412, wherein allowing the heat to transfer comprises 
transferring hear substantially by conduction. 

423. Th£ method of claim 412, wherein providing heat from the one or more heat 
sources Comprises heating the selected formation such that a thermal conductivity of at 
least /portion of the selected section is greater than about 0.5 W/(m °C). 



14. The method of clah]iJ42rWKerem the produced mixture comprises condensable 
^drocaijjaRsrKaving an API gravity of at least about 25°. 
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le method of claim 412, wherein the produced mixture comprises condensaE 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



426. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about/T5 % by weight 
of the non-cond€nsable hydrocarbons are olefins. 



08" 
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lethod of claim 412, wherein the produced mixtafre comprises non- 

m a molar ratio of ^mene to ethane in the non- 
rom about 0.001 t</about 0.15. 




427. The 

condensable 

condensable 



428. The method of claim 412, wherein the pfoduced mixture comprises condensable 
hydrocarbons, andXvherein less than about Y% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

429. The method of claim 412ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

430. The method oi claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, ancKvherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 43 1 . The method of claim 412, wherein the produced mixture comprises condensable 
hydrc^arbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise^cygefrcTJTTfSning compounds, and wherein tne oxyger 
c<f>ntainin£^ctnpounds comprise phenols. 
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le method of claim 412, wherein the produced mixture comprises conden^ole 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

433. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbon^ and wherein less than about 5 % by weight of the condensable 
hydrocarbons comp^se^multi-ring aromajics with more ttj^h two rings. 

434. jThe method of ^rin^^ the prodded mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 by weight of the condensable 
hydrocarbons are asphaltenes. 



IS 

(eg 
if 



tfxi 



435. The\nethod of czaim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and~Ttfnerein about 5 Why weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycjoalkanes. 

436. The method of claim 41 2, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is j*reater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



25 



437. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

438. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein/the ammonia is used to produce fertilizer. 



439./ The method of claim 412, further comprising controlling a pressure within at least 



30 a majority of the selected secti 
least about2^H5aT absolute. 



formation, wherein the controlled pressure is at 
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Teffiod of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Ft, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

44 1 . The metKod of clafrn 412, wherein the partial pressure of H^is measured when the 
mixture is at a production well. 

442. The ijnethod of cl$inK412, flirfher comprising alterfhg a pressure within the 
10 formation to Inhibit production of hydrocarbons fromytne formation having carbon 

numbers greater than about 25. 



a 
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15 
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443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from rtfe mixture into the formation. 

444. The method of claim 412, ftmher comprising: 
providing hydrogen (H2) \p the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of tfie section with heat from hydrogenation. 

445. The method of daim 412, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 446. The method of claim 412, wherein allowing the heat to transfer comprises 

increasing/a permeability of a majority of the selected section to greater than about 100 
millidatcy. 



30 



447. The method of claim 412, wherein allowing-the-heatto'transfer^comprises 

abstantially umforjiiiy-m^ of a majority of the selected section. 
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448. Thgjnf tho H nf c l nim IP, fnrt h rr c o mpri s i ng controlling the h eat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Ass? 

449. The method of claim 412, wherein producing the mixture comprisesproducing 
the mixture in a produptienwell, and wherein at least about 7 heat sourp^s are disposed in 
the formation for^ach production well. 



10 



450. The method of Maim 412, further ccfmprising providing heat from three or more 



heat sourc 
sources are 



to at least a portion of the frnmation, wherein three or more of the heat 
located in thelforfrratietiln a unit of heafsources, and wherein the unit of heat 



sources comprises a triangular pattern. 



MJ 



U 



G 



45 1 . The method of claim 412, furthencomprising providing heat from three or more 
heat sources to at4easj>a portion of the^ormation, wherein three or more of the heat 

15 sources are located in the formations in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
~ over an area of the formation m form a repetitive pattern of units. 

452. A method of treating a coal formation in situ, comprising: 

20 providing heat ^frorn one or more heat sources to at least a portion of the 

formation; 

allowing tfafe heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of hydrocarbons within the selected section of the 
25 formation; and 

producing a mixture from the formation, wherein the mixture comprises a 
condensate component having an API gravity of at least about 25°. 



453. /The method of claim 452, wherein thfe one or more heat sources comprise at least 
30 two h^'at sources, and wherein superposition of heat from at least the two heat sources 
pyrol) 




e*Eydrocarbons within the selected section of the formation. 
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454: — : FheTTl5thod of claim 452, wherein controlling roimatioiTcnndittensxQinpnses 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



5 455. The method j>f > cTaim 45^sjvherein the one or more heat sources comprise 
electrical heaters/ 



f Ji 
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456. The 
burners. 



'ethod of claim 452, wherein the one or more heat source/ comprise surface 



457. The rnethod of claim 452>^yherein the onpror more h^at sources comprise 
flameless distributed combustors 

458. The methods of claim 452/ wherein the one^ more heat sources comprise natural 
15 distributed combustorS 

459. The method of claim 452, furthencomprising controlling a pressure and a 
temperature within at least a majoritv/ff the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 



25 
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460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate 91 the selected section is less than about 1 °C per day during 
pyrolysis. 

461 . The rnethod of claim 452, wherein providing heat from the one or more heat 
sources to^at least the portion of formation comprises: 

leating a selected volume (V) of the coal formation from the one or more heat 
sourc% wherein the formationiias-a^ heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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^^jvhe rein heating energy/Hay provi ded to the volu me is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is forma tion bulk density, and wherein the heating rate is less than about 10 
°C/day. 




462 . The/ method of clain i 
transferrin 



463 . The method of claim 4 
sources comprises heating the 
a portion of the selected sectioh 



2, wherein allowingjthe heat to transfer compiles 
y conduction. 



whej^in providing heat from tja£ one or more heat 
^elected section such that a thermal conductivity of at least 
is greater than about 0.yw/(m °C). 



464. The methochef claijEf 452, wherein the Deduced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by^ight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

465. The method of claim 452; wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

466. The method of claim 452, wherein the produced mixture comprises non- 
condensable to/arocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



467. / The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by w eight when -e mulated on ar) atomic 
'the i 



basiV 



focarbons is nitrogen. 
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46 S Tfi ^ n K f h"d of r.laim 4^0 wh^rpin thp produced mixftirecom prises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on anafoT 
basis, of the condensable hydrocarbons is oxygen. 

469. The method of claim 452, wherein the produced mixture comprises condefisable 
hydrocarbons, and wherein less than about 1 % by weight, when calculatecpdn an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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470. The method of claim 452, wherein me produced mixture comprises condensable 



hydrocarbons, wherein a 
hydrocarbons comprise ox; 



containing c ompounds c 



put 5 % by 




ght to about 30% by weight of the condensable 
ining compoutpis, and wherein the oxygen 
mprise phenols. 



£en 



20 



471 . The rijtethod of qlaim 452, wherehrthe produced mixture comprises condensable 
hydrocarbons,\nd wlj6rein greater th#n about 20 % by weight of the condensable 
hydrocarbons are aromatic compomids. 

472. The method of claina 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbon^; and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

474. / The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 ( 475. The method, of claim 452, whe rein the produced mivturp rnmpnses a nnn- 

^densable^eoinpeiieTTtr^ierein the non-condensable component comprises hydrogen, 
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w h e rein the hydrogcrHs gieatei lliau about 10 % by ^olumextlthe non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



JT: 



5 476. The mefnod of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than ab^ut 0.05 % by weight of the produced nature is ammonia. 

477. fhe methdd of claim 452, v^ierein the producejefmixture comprises ammonia, and 



10 



wherein 



478. 



the ammoi 



fhe method 



ia is used to produce fertilizer/ 



of claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of tfyefTormation, wherein the controlled pressure is at 
least about 2*0bdr absolute. 



O 



15 479. The method of clainy452, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



\ y 



480. The method of claim 452, wherein the partial pressure of H2 is measured when the 
20 mixture is at ^production well. 
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48 1 . The method of claim 452, further comprising altering a pressure within the 
formatfon to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

(82. The method of claim 452, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



483. The method of claim 452, further comprising 

providing hydrogen 
^ithirLdie-sectlon; and 



eated section to hydrogenate hydrocarbons 
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heatiri p a p or tion of the gertinn with heat from hydrogenation. 

484. The method of claim 452, wherein the produced mixture comprises hydrogen; 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable l^arocarbohs with at least a portion of the produced hydrogen, 
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485. The methoa of claim 452] wherein allowing the heat to transfer cprfiprises 



increasing a perm 
millidarcy. 



ability of a ] 



486. The method of claim 4521 



ority of the selected section to greater than about 100 




wherein allowing the heat to transfer comprises 



substantially uniformly increasing a permeabilitvof a majority of the selected section. 

487. The method of claim 452, further jeJomprising controlling the heat to yield greater 
15 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

488. The method of claim 452/wherein producing the mixture comprises producing 
the mixture in a production Wll, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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489. The method or claim 452, further comprising providing heat from three or more 
heat sources to atieast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources confprises a triangular pattern. 

490/ The method of claim 452, further comprising providing heat from three or more 

^at sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
ov^twi area -of-the forma t ion to form a repetitive patt e rn of units . 
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providing heat from one or more heat sources to at least a portion of the~Ia> 
wherein the one or more heat sources are positioned proximate an edge of the layer; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat som#es 
pyrolyzes at least some hydrocarbons within the selected section of the forjatfation; and 

producing/d'mixturc from the formation. 



492. The method of claim 491, wherein the one or more heafsources are laterally 



10 spaced from i 



center of the layer. 



493. The method of claim 491 , wherein the one oj/'more heat sources are positioned in 
a staggered lin^ 



o 

Hi 



P 



15 494. The method of claim 491 , wherein *he one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more heat sources. . 

495. The method of claim 491, wherein the one or more heat sources positioned 
20 proximate the edge of the tefyer can increase the volume of formation undergoing 
pyrolysis per unit of energy input to the one or more heat sources. 
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496. The method of claim 491 , wherein the one or more heat sources comprise 
electrical heated. 

497. T)(e method of claim 491 , wherein the one or more heat sources comprise surface 
burner^ 
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49/8. The method of claim 491, wherein the one or more heat sources comprise 
fl&neless distributed combustors. 
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4997 The method of claim 49 1, wherein the one < 
distributed combustors. 



sources comprise natural 



500. The method of claim 491, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, whe^in 
the pressure is controlled a^a-fon^tion of temperature, or the temperature is carolled as 
a function of pressure. 



501 . The method/of claim 49 Ij further comprising controlling^^ heat such that an 
average heating r^ie of the seleaed section is less than about 1/0 ° C per day during 
pyrolysis. 



502. The method of claim 491, wherein providing/neat from the one or more heat 
sources to at least the portioiyof the layer comprises: 

heating a sel^ted volume (V) of the ami formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons Within the selected volume of the formation; and 

wherein heating energy/day^provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by thp^equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the/fieating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



503. The method of claim 491, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portior/of the selected section is greater than about 0.5 W/(m °C). 



504. / The method of claim 49 1 , whereiiiJjie-RFedttced^mixrure comprises condensable 
hydmibiionsilSving an API gravity of at least about 25°. 
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5Cf5T~The method of claim 491, wherein the TTrodueedjii ixture compr ises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 



506. The method of claim 49 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene/to ethane in the non- 
condensable/nydrocarbopsj ranges from about 0.001 to abcjtft 0.15. 

507. The method of cMm 491 , wherdn the produced mixture comprises condensable 
hydrocarboms, and whereirSless-than about 1 ^oy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



!■=& 

S3 



15 



20 



25 



508. The methocTof claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less^man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

509. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

510. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbc/ns, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 1 1/ The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
^drocarb^ns-^e-anyfnMIc^ompounds . 
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The method or dliini 401 _ w lio r o in the jjiuduixd mixture - comprises condens 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



513. The method^of clain^49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, ind wherein less than about 0.3 % by weight opfne condensable 
hydrocarbons are asphaltenes. 



514. T#e method/of clairrf 49 1 , wherein the produced mixture comprises condensable 
10 hydrocarbons, and/wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkan#s. 



515. Th^m^thod of claim 49 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein pie hydrogen is less than about 80 % by volume of the non- 
condensable componer 



5 1 6. The meth^ra of claim 491 , wherein the produced mixture comprises ammonia, and 
20 wherein greate/ than about 0.05 % by weight of the produced mixture is ammonia. 

517. The method of claim 49 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



25 51/8. The method of claim 49 1 , further comprising controlling a pressure within at least 
majority of the selected section of the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute. 

f 

519. The method of claim 491 , further comprising controlling formation conditions to 
30 / produce a mixture o f condensable hydrocarbons and H2, wherein a partial pressure of H2 
nn the mixture is greater than about 0.5 bar. 
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420: — TheTnethod of claim :> i y, wnerer 
mixture is at a production well. 



pressure of H? is measured when the 



5 521 . The method of claim 491 , further comprising altering a pressure within tt 
formation to inhibit production of hydrocarbons from the formation having ^afbon 
numbers greater than about 25. 



522. The method jof claim 491 , further comprising controlling/formation conditions, 
10 wherein controlling formation conditions comprises recircujsrfing a portion of hydrogen 
from the mixture /into the formation. 



523. The metHod of cl; 

ihydrog< 




furtjaer comprising: 
the heated/section to hydrogenate hydrocarbons 



providin 
1 5 within the section\and 

heating a portierf'of the sectiory&ith heat from hydrogenation. 



524. The method of claim 49l/wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
20 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 



525. The method off claim 491, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

526. The method of claim 491, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



527/ The method of claim 491 , further comprising controlling the heat to yield greater 



30 than-abetrt-60~% Dy weight of condensable hydrocarbons, as measured by Fischer Assay. 
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"528: — The method of claim 4 9 1, wherein producing the mixture compri s e s pro d u cing 
the mixture in a production well, and wherein at least about 7 heat sources are (Jitfposed in 
the formation for each production well. 

529. The method of claim 491 , further comprising provicjkigheat from three or more 
heat sources to at least a portion of the formation, wj^efein three or more of the heat 
sources are located in the formation in a unitpfneat sources, and wherein the unit of heat 
sources comprises a triangular pattern^ 



m 



□ 

Si 

n 
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10 530. The method of claffh 491 , further comprising providing heat from three or more 
heat sources to atje^st a portion of the formation, wherein three or more of the heat 
sources arekf^ated in the formation in a unit of heat sources, wherein the unit of heat 
sourc^8xomprises a triangular pattern, and wherein a plurality of the units are repeated 

?er an area O f thfi f^rmatinn tn form a repetitive patteffl of Units. 

531. A method of treating a coal formation in situ, comprising: 

providing heat from one or mpre heat sources to at least a portion of the 
formation; 

allowing the heat to trans|fer from the one or more heat sources to a selected 
20 section of the formation; and 

controlling a pressure alhd a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 

producing a mixture from the formation. 



A* 



532. The method of claim 53 1 , wherein the one or more heat sources comr 
two heat sources, and^vnereki-^ from at least the two heat sources 

pyrolyze§^rieast someftiydroc? rr ^ns w^thir 1 th*» pplftfH g^t^n ^f f ^ fa 
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"533^ The method of claim 531, wherein controlling formation conditions comprises/ 
maintaining a temperature within the selected section within a pyrolysis temperate 
range. / 

534. The method of claim 53 1 , wherein the one or more heat sources comprise 
electrical heaters. X 

535. The method of claim 53 1 , wherein the one or moi?e heat sources comprise surface 
burners. / 

536. The method of claim 53 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. / 

537. The method of claim 53 1 , wherein the one or more heat sources comprise natural 
distributed combustors. / 

538. The method of claim 53 1 ^/further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

539. The method of claim 53 1 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (Cv), and wherein the 
heating pyrolyzes at least some hydrocarbons within the selected volume of the 
formation; ana 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
whereiiyrwr is calculated by the equation: 
/Pm^MV^G^ 
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wherein Pwr is the heating energy/day, I is an average heating rate of the 
formation, p B is formation bulk density, and wtybrein the heating rate is less than about 10 
°C/day. 



5 540. The method of claim 531, wherein allowing the heat to transfer comprises 
transferring heat substantially by conducts 



54L The method of claim~ 53 1, wheiem piuvidinu hea t from the one or more ] 
sources comprises heating theselgcted-spc^ a thermal conductivity of at least 

10 a portion of the jglsetecfsection is greater than about 0.5 W/(m °C). ^ 



I 

m 
.c 



o 
m 



542. The method of claim 53 1, wheipin the produced mixture comprises condensable 
hydrocarbons having an API gravity off at least about 25°. 

1 5 543 . The method of claim 531, wHerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. f % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

544. The method of claim 53 1 , wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and vsmerein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



545. The method of claim 53 J , wherein the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0.15. 



30 



546. The method of claim 58 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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547. The method of claim 53 1 , wherein the produJed mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by ^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

548. The method of claim 531, wherein the propuced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % \$y weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfuj 

549. The method of claim 53 1 , wherein the/produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight jo about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

550. The method of claim 53 1 , whereinfthe produced mixture comprises condensable 
hydrocarbons, and wherein greater than ^bout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

551. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thpn about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



553. The method of claim 53fl , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abiut 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons aracycloalkanes. 



554. The method of claim »3 I^wWpi^ tV>f> prnHnrpH mivtnrp mmpr jses a non- 
condensable ^nrnp^f^n T^litr^n thp nnn-ron Hpn<:ahlp mmp^npnt comprises hydrogen, 
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ierein the hydrogen is greater thjj fo about li! 3^W^nlT5neof the non-condensable 
component, and whercjii-thenydrcj|gen is less than about 80 % by volume of the non- 
condejisabte^ompSnent. 

5 555. The method of claim 531u wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 m by weight of the produced mixture is ammonia. 

556. The method of claim 53(1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used tp produce fertilizer. 



10 



557. The method of claimjj^ wherein the controlled pressure is at least about 2.0 bar 
absolute. 



558. The method of clainf 53 1 , further compij§ijag=^efrtrc^^ conditions to 

15 produce a mixtureotGertd^^sable hydrocarbons and H2, wherein a partial pressure of H2 

Ian about T). 5 bar. 



560. The method of d 
formation to inhibit 
number 



um d 3 i, further comprising i 



the 



Irccarbons from the formation having carbon 



25 561. The method of 
recirculating a portion 



30 



hydr:>g< 



567. 1 he method o 

providing 
within the secji 
sating a 



laim 531, wherein controlling formation conditions comprises 
j)f hydrogen from the mixture into the formation. 



laim 531, further comprising: 

;en (H2) toJheJieated-sectio^ hydrocarbons 



of the section with heat from hydrogenation. 
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563. The method of claim 53 1 5 wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at leastr a portion of the produced hydrogen. 



564: — The meth od-olglaim 531, wherein allowing the heat to transfer comprises 



increasing a permeability of a majority of the ^elected sectiontg^ 
millidarcy. 



lan about 100 



10 565. Thei 
substantial 



lod of claim 53 Lw herein Jilowing jt he heat to transfer comprises 
lyTncreasing a permeability of a majorityoTnTe^etectefl section. 



566. The method of claim 531, furtheifcomprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



e method of claIiir53i^wh^g^producing the mixture comprises producing 
the mixture in a production well, and&vherein atFflgTttV'^H THi^nt ^nrpr ar* dispose in 
the formation for each production will. 



20 568. The method of claim 53 1 , fi/rther comprising providing heat fromthr€e or more 
heat sources to at least a portion of fthe formation, wherein three orpadre of the heat 
sources are located in the formation in a unit of heat sources^afid wherein the unit of heat 
sources comprises a triangular pattern. 



25 
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569. The method of claim 53 1 1 further cprfiprising providing heat from three or more 
heat sources to at least a portion pf the'formation, wherein three or more of the heat 
sources are located in the fornratfon in a unit of heat sources, wherein the unit of heat 
sources comprises a triangtflar pattern, and wherein a plurality of the units are repeated 
over an area of theftfrmation to form a repetitive pattern of units. 

570 method of treating a c pal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion ofj 
formation; 

allowing the heat to transfer from the onfej^rfnore heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will^pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling/API gravity of the produced mixture to be greater than about 25 
degrees API ^controlling average pressure/and average temperature in the selected 
section swm that the average pressure in thef selected section is greater than the pressure 
10 (p) set forth in the following equation for ap assessed average temperature (7) in the 
selected section: 

p =z IH4000/T+67] 

^here p is measured in psia a nd T is measured in ° Kelvin. 

571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 30 cpgrees API, and wherein the equation is: 

J-3W00/T + 51] 

20 572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 3$ degrees API, and wherein the equation is: 

= e f-22000/T + 38] 



15 
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57T The method of claim 570, ^E?rpm iIih nno nr mnrn hnnt gnnrflflg c omprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formati 



30 



574. The method of claim 5701 wherein contjollnigThe average temperature comprises 
maintaining a temperature in the|sgleeteasection within a pyrolysis temperature range. 

575. The jjietfiod of claim 57p, wherein the one or more heat sources comprise 
electrical heaters. 
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le method of claim 570, wherein the one or more heat sources comprise surface 



i burners. 



10 



15 



577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. 

578. The method of claim 570, wherein the one or more^eat sources comprise natural 
distributed combustors. 

579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, orjJie temperature is controlled as a function of 
pressure. 

580. The method of claim 570, mrther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



20 581. The method of clafim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein me formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at leadi some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein P\w is calculated by the equation: 
Ptor = h*V*C v *p B 

/herein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

30 °QJ<te 
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582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conducti/n. 

583: — TheiTTefEod of claim 570, wHerejj^^^ the one orn iureitggr^ 

sources comprises heating theselficted^cfion such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



584. The method of claim 570, wlierein the produced mixture comprises condensable 
hydrocarbons, and wherein about Oil % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefps. 

585. The method of claim 570xwherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

586. The method of claim 5#0, wherein the produced mixture comprises non- 
condensable hydrocarbons, amd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiiy less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is nitrogen. 

588. The method of cllim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



589. The method oflclaim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wlferein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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590. The method of claim 570, wherein tha produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing (jpmpounds, and wherein the oxygen 
containing compounds comprise phenols. 

591 . The method of claim 570, whereiii the produced mixture comprises condensable 
hydrocarbons, and wherein greater than ^bout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds.] 

592. The method of claim 570, wheyein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

593. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tl^m about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

594. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abyut 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ara cycloalkanes. 



595. The method of claim/570, wherein the produced mixture comprises a non - 
condensable component, wfterein the non-condensable comgonsntGemprises hyQrogen, 
wherein the hydrogen is greater th^n^botitTir%by volume of the non-condensable 
component, and whgj^iflpie hydrogen is less than about 80 % by volume of the non- 
condensable^ompQnent^ 



596. The method of Aaim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than a&out 0.05 % by weight of the produced mixture is ammonia. 
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597. The method of claim 570, wherein th/ produced mixture comprises ammonia, and 
wherein the ammonia is used to produce femilizer. 




5Vs. l he method oi claim 570, ftirthg£^®fTfpfismg controlling formation conditions to 
5 produce a mixture of con^^^ehydrocarbons and H2, wherein a partial pressure of H2 
within the mixtures-greater than aboutfO.5 bar. 



599. ^Fhc method of claim 570, wli^ein the partial - pressure of Hi is meaimi-e d^ vhcn the 
■ mixture is at a piudiiction we lL 



claim 570, prthgt-Gefflprising altering a pressure within the 
formation to inhibit jjEsdtrCEiSn of/hydrocarbons from the formation having carbon 
numbers^&rfJater than abouL 



15 601 . The method of claim 57£), wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



[f^^^koT. — The- 



iiielhud uf claim J/0, further compmingi 



h 



providing hydrogen (^2) to the heated section to hydrogenateji^drocs 
20 within the section; and 

heating ^pSrtion ofit hr portion w it h heat from hvdro ^&iation. 



603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



604. The method nf flflim S7U wherpin a I inwrn^-ifap hpat to trar|^ r Compris es 

increasing a permeabift ty of a majority of the selected section to greater than about 
millida 



30 
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q05. The method of claini-§^0r^Kerem allo wing the heat to transfer comprises 
substantiallj^ttifo^ a permeability pf a majority of the selected section. 



606. The method of claim 570, wherein the hrfat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



607. The method of claim 570, wherein producing the mixture comprises producing 
the mixUire^trprocluction well, and whereip at least about 7 heat sources are disposed in 
the fa 




Irproduction well. 
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0ft — Therneihod oi claim 570, turther comprising providing teat from three or more 
heat sources to at least a portion of the foynation, wherein three or more of the 
sources are located in the formation in a $nit of heat sources, ancLwhefeln the unit of heat 
sources comprises a triangular pattern. 



609. The method of claim 570^feif£h3br comprising providing heat from three or more 
heat sources to at least ajaefffion of th£ formation, wherein three or more of the heat 
sources are locajedfn the formation iA a unit of heat sources, wherein the unit of heat 
sources ^etfriprises a triangular pattejjn, and wherein a plurality of the units are repeated 

ix an^rea-tfi Uic formation to foi/n a repetitive pattern of units. 

610. A method of treating a cdSl formation in situ, comprising: 

providing heat to at leaswa portion of a coal formation such that a temperature (7) 
in a substantial part oythe heated portion exceeds 270 °C and hydrocarbons are pyrolyzed 
within the heated poaion of tire formation; 

controlling ap^essipej[p)^within at least a substantial part of the heated portion of 
the formation; 

wherein p bar > e B ~ 2 6744] 

wherein p is the pressure in bar absolute and T is the temperature in degrees K, 
and A and B are parameter that are larger than 10 and are selected in relation to the 
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characteristics and composition qff tfce coal formation and on the required olefin content 
and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 



5 6TT The methorhof claim 610, whcitiu A is gica l u than l ' 1000 -and^is^greater4h^ 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 



aver 

carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 

612. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
10 about 1 .4 bar, A is greater than about 44000, and b is greater than abom 67, and a 

majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % by weight of olefins., 

613. The method of claim 610, wherein T is less thajz'about 390 °C, p is greater than 
15 about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 

produced pyrolyzed hydrocarbon fluids^have^average carbon number lower than about 
21. 

614. The method of claim 610, ^^h^rxomprreiflgcontrolling the heat such that an 
20 average heating rate of the heated portion is less than about 3°C per day during 

pyrolysis. 



615. The method &i claim 610, wherein providing heat from the one or more heat 
sources to at least'the portion of formation comprises: 
25 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyz!es at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
/herein Pwr is calculated by the equation: 
30 ^ Pwr ^ h*J£Qi*PB 
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— w herein Pw r is the heating energ y/day, h is an average healing la i c o f Ll i c — y 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 
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616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat sources tpahe heated portion 
of the formation. 

617. The method of claim 616, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters or released^ by the coal formation adjacent 
to a heater by an oxidant injected into the heater in or^djacent to which the combustion 
occurs and wherein at least part of the produced combustion gases are vented to surface 
via the heater in which the combustion occurs. 

618. The method of claim 617, whfereiryfieAt is transferred substantially by conduction 
from one or more heat sources to thp h^pa,£Ojlkm of the formation such that the 
thermal conductivity of at least part^tlhe heated portion is substantially uniformly 
modified to a value greater than atfout 0.6 W/m °C and the permeability of said part 
increases substantially uniformly to a value greater than 1 Darcy. 

619. The method of cl^m 6 1 0, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein a partial pressure of H 2 within 
the mixture flowingwough the formation is greater than 0.5 Bar. 



25 620. The method of claim 619, further comprising, hydrogenating a portion of the 

produced pwolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heatirig the fluids with heat from hydrogenation . 



62 1 J The method of claim 610, wherein the coal formation is a coal seam and at least 
30 about 70% of the hydrocarbon content of the coal, when such hydrocarbon content is 
leasured b v_a Hsche^ssavUs^rodu ced from th e heated portion of the formation, — . 
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622. The method of claim 610, where^lhe subaantiall^ 

hydrocarbon fluids are produced^omiiar^maiicS^i well, the method further comprising 
heating a weyboFe-oftfi^roduction^ condensation of the hydrocarbon 

It3tk vvilhiii the wdlUuier- 



~A meth o d o f t rrnting n r o nl f o nr iatjon /p situ, comprising: 
providing heat from one or more heat^ources to at least a portion of thgl 
formation; 

allowing the heat to transfer from ttfb one or rripr^heat sources to a selected 
section of the formation to raise an average t£fflf5erature within the selected section to, or 
above, a temperature that will pyrolyz£"|jfydrocarbons within the selected section; 
producing a mixUir^from the f tfrmation; and 
controlling a^eight percentage of olefins of the produced mixture to be less than 
about 20 % hyweight by controlling/ average pressure and average temperature in the 
selectejHection such that the average pressure in the selected section is greater than the 
ppe^sure (p) set forth in the folio wing equation for an assessed average temperature (T) in 
the selected section: 

f-57000/T + 83] 

p = e 



"T^Eere p is measured in psia aid T is measured in ° Kelvin. 
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624. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be less than about 10 % by weight, and wherein the 
equation is: 



J-16000/T+28] 
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625. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be less than about 5 % by weight, and wherein the 
equation is: 



J-12000/T+ 22] 
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^634 — T he m e t hod ot claim 623, wherein ihe oneiJrmof^JieaLsources comprise at least 
two heat sources, and wherein superposition of heat from at least the hvoKgat-SQurces 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



□ 




623, wherein the one or more heat sources comprise 



\ 



herein the one or more heat sources comprise^urface 



5 627. The method of 
electrical heaters. 

628. The method 
burners. 

10 

629. The method of claim 623f, wherein tKeone or more heaps6urces comprise 
flameless distributeaxombustors. 

630. The method of claim 623, wherein th^dne or more heat sources comprise natural 
1 5 distributed combustors. 




u 



20 



63 1 . The method of claim 6^3, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



25 



632. The method of claim 63 1, wherein controlling an average temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
ra^ge. 

533. The method of claim 623, further comprising controlling the heat such that an 
av&^e heating rate of the selected section is less than about 3.0 °C per day during 
pyrolysis. 



i 
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.634. — T he met ho4^fdamr6237^5fther comprising controlling the heat such that 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. ; 



m 

f sssh 

U 

□ 



10 



15 



20 



635. The method 
sources to at least/the port 



m 623, wherein providing heat from tlj^one or more heat 
of formation comprises: 



firae (V) of the coal formation from the one or more heat 
the formation has an average heat ^parity (C v ), and wherein the heating 
some hydrocarbons within the/selected volume of the formation; and 
y/day ptoVidecno the volume is equal to or less than Pwr, 



heating a/selected vo 
sources, whereir 
pyrolyzes at lea: 

wherein heating ene 
wherein Pwr is calculated Jz^y the equati 



Pwr = h*V*C v *p B 

wherein Pwr is the heating / energy/day, h is an average heating rate of the 
formation, p B is formation bul^aensity, and wherein the heating rate is less than about 10 
°C/day. 

636. The method o^claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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63^/ The method of claim 623, wherein the produced mixture comprises condensable 
Mrocarbons having an API gravity of at least about 25°. 



59. The method of claim 623, wherein the produced mixture comprises condensable 

hydrocarbons, and Wherein about 0.1 % by weight to about lT%l3y~werght-crfthe 

condensable hydrocarbons are olefins. 
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640.^JThejiiethQd^^ non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to abouTT3~%-hy^weight 
of the non-condensable hydrocarbons are olefins. 



641 . The method of c>£iml>23, wherein the produced mixture comprises ik 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethai^lri the non- 
condensable hydrocarbons rangesuSfom about 0.001 to about 0.15. 

642. The method of claim 623, wherefrrtfteproduced jmxiurc comprises condensable 
hydrocarbons, and wnereinless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

644. The method of daim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The/method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



546. The^metl^ 

hydrocarbonsTand wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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647T The method of clain^ &M^he*^^ mixture comprises condensable 

hydrocarbons, and wherein less than about 5 % by weightoTtKrrefidensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

648. The method o£eiaim 623, wherein the produced mixture comprises condensab), 



hydrocarbons, and/wherein4< 
hydrocarbons are asphaltenes. 



The method of clain^j 



649 

hydrocarbons, And wherein 
condensable hy 



ess^tjian about 0.3 % by weight of the condensable 



623, wherein the produced mixtur^comprises condensable 
t to about by weight of the 

rocarbons ateVycloalkanes^ 



650. The methockof claim 623, wherein the produced mixture comprises a non- 
condensable component, wherein the noil-condensable component comprises hydrogen, 
wherein the hydrogen is greater thajrabout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

65 1 . The method ofclaim 623, wherein the produced mixture comprises ammonia, and 
wherein greater th^n about 0.05 % by weight of the produced mixture is ammonia. 

652. The/method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein/tne ammonia is used to produce fertilizer. 

653; The method of claim 623, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
withm the mixture is greater than about 0.5 bar. 



654. The method of claim 623, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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65 5* Ihe method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having cajbon 
numbers greater than abtaut 25. 



5 656. The method of claim 623, wherein controlling formatioprxonditions comprises 
recirculating/a portion of Uydrogen from the mixture into the formation. 



10 



657. The qiethod of/claim 623., further compri^ifig: 

providing hydrogen (H2) to the heate^section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectiotf with heat from hydrogenation. 



'r 3 



15 



20 



658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons; the method further comprising hydrogenating a portion of the 
produced condensable Hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim 623, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

660. /The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



6,61 . The method of claim 623, further comprising controlling the heat to yield greater 
25 flian about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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662. The method of claim 623,j^iier©ifrpr53ucing the mixture comprises producing 

e mixture in a nroduCfion well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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U&S.- - The method ot claim bZi, further comprising providing lieal from lliieu ui it* 
heat sources to at least a portion of the formation/wherein three or mpjee-trfTfie heat 
sources are located in the formation in a unit of ljeat soujpesTand wherein the unit of heat 
sources comprises a triangular pattern. 



■P 

m 

B 
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664. The method of clairj>623 5 furthdi^cprfi|rishTgTproviding heat from three or more 
heat sources to at JeaSf a portion of the formal on, wherein three or more of the heat 
sources aj^tocated in the formation mA unit/of heat sources, wherein the unit of heat 
sptifces comprises a triangular pattern, and wherein a plurality of the units are repeated 
-^"TTTiTfir^fr ^ fir fprmntirm to fnyrrtf i r ^pfftiti irn pnttrr n of uniM _ 




65. A metfiod of treating a coal fuiliawmi iirsjHrCompnsing: 

providing heat from one or m/re^eat so^fces to at least a portion o£j 
formation; 

allowing the heat to transfer froA the one or more^at sources to a selected 
section of the formation to raise an avefiage temperaj^rfe within the selected section to, or 
above, a temperature that will pyrolyz® hydroptf&ons within the selected section; 

producing a mixture from the lopriation; and 

controlling hydrocarbons harming carbon numbers greater than 25 of the produced 
mixture to be less than abou^2o % m weight by controlling average pressure and average 
temperature in the selept^d section such that the average pressure in the selected section 
is greater than the^Sressure (p) set fi)rth in the following equation for an assessed average 
temperatur^^r) in the selected secjion: 

[-14000/T+25] 

p = e J 
leasured in psia and lis measiiretKn- 0 Kelv in. 
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666. The method of claimj 
greater than 25 of the producj 
weight, and v/l 



f , wherein iKe hvdroeaFbeo ^av ing carbon numbers 
ffmrorco be less than^bout 20 % by 



p = e l 
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'667. The metnod oi claim bfi^a^Clrein the hydrocarbons having carbon numbers 
greater than 25 of thej?ft53uced mixture is controlled Jo be less than about 15 % by 
weight, and whereii 1 

p = e [-isooo/T + 3l] 




68. The method of claim 065, wherein 



sources comprise at least 



two heat sources, and wherein superposition of heafl from at least the two heat source 
pyrolyzes at least some hydrocarbons within the selected section of the format^ 



10 669. The method of claim 665, wherein the one pr more heat sourp^s comprise 
electrical heaters. 



m 



15 



670. The method of claim 665, wherein the one pr njOTe heat sources comprise surface 
burners. 

67 1 . The method of claim 665, wherein )Ke on^ or more heat sources comprise 
flameless distributed combustors. 



672. The method of claim 66% wherein the onfe or more heat sources comprise natural 
20 distributed combustors. 



25 



673. The method of^claim 665, further 
least a majority of*ne selected section of the 
controlled as a/function of temperature, or the temperature 
pressure 



comprising controlling a temperature within at 
fonjiation, wherein the pressure is 

is controlled as a function of 



674/ The method of claim 673, wherein controlling the temperature comprises 

iintaining a temperature within the selected section within a pyrolysis temperature 
range^ 



30 
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The method of claim 665, further comprising controlling the heat such that an, 
\s average heating rate of the selected section is lesythan about 1 °C per day during 
pyrolysis. 



to 

=5 




5 676. The method of claim 665, wherein providing heat from the one or more heat 
sources to at least the portion of formation domprise^^^ 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an av&p^ge heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbon^wrthin the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculate^tfy the equation: 
Pwr = h*Vp£y*p B 

wherejfl'/Vr is the heating dhergy/day, h is an average heating rate of the 
formatiop^p 5 is formation bulk density, and wherein the heating rate is less than about 1 0 
15 °C/c 

677. The method of claim 66$, wherein allowing the heat to transfer comprises 
transferring heat substantially qy conduction. 



5? 8. ^T ftemethod of claimjg^S^ whereir^ ^rovrding heat "from the one or more heat 
sources comprisgs-Jieating thp selected section such that a thermal conductivity of at least 
a porjieft of th e selecte d sP r fl nn ^ pr^ptpr rtmn about 0.5 W/(m °C). 



679. The method of claim 665, wherein the produced mixture comprises condensable 
25 hydrocarbons having an j4Pl gravity of at least about 25°. 
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680. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wher< in about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbo is are olefins. 
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68 1 . The method of claim 665, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

682. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

683. The method of claim 665,/vherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

684. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

685. The method of clmm 665, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprisepxygen containing compounds, and wherein the oxygen 
containing compoundsfcomprise phenols. 

686. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The rnethocJof claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, ancywherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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688. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 To by weight of the condensable 
hydrocarbons are asphaltenes. / 



689. The method of claim 665, wherein tHe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by v^ight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkane 



695! Ihe meihod^fclaim 665, wherein the produced mixture comprises^ 
condensable component, whereinJhgjMp^ component comprises hydrogen, 

wherein the hydrogefriTgreater than atfout 10 % by volume of the non-condensable 
compon^tfand wherein the hydrogeryis less than about 80 % by volume of the non- 
cprdensable component. 



691. The method of claim 665, wfierein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %jby weight of the produced mixture is ammonia. 



692. The method of claim 665Jwherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



693. The method of claim 66p , further compri sing controllingj ^^on conditions to 
produce a mixture ofasid©i*s^le hydrocarbons and H2, wherein a partial pressure of H2 
within the^gxture is greater tnan about 0.5 bar. 



694. ^ The - mcthod of olainy665,"yheieill Ihe partial piessw e of H 2 is measu r ed when th e- 
nixture i3 at a p r oduction wct k 



695. The method of claim 665, further co mprising jjtesk*g^T5ressure within the 
formation to inhibilja^dpCfion of hydrocarbons from the formation having carbon 
niiTTifr'^fT^^ ^ 
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The method of claim 665, further comfrisi 

providing hydrogenJ^)iTrEEeheated|section to hydrogenate hydrocarbons 
within the section; 

he^tirfg a ptfffion of the section with Heat fronHiydroge nation. 



I - 3 

5sU 




697. The method of claim 665, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method furtper comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 




628, — The method of claim 665, where** 



increasing a permeability of a majority ol 
millidarcy. 



eHewhrglfirKeat^ 

the^eleetecTsection to greater than about 100 



699. The iixetiiod of claim 665, wherein allowing the heat to transfer comprises 

15 subst^rrfially unifoimbunereashrga permeabilrty-fif n mnioritv nf t he selected section. 

700. The method of claim 665, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



JThe meth od of claim 665, wtferein producing the mixture comprises producing 
the mixture in a production well, anp wherein at least about 7 heat souicos die disposed^n 
the formation for each production well. 



25 



702. The method of claim 665, fiurther comprising providjngUeat from three or more 
heat sources to at least a portion Sf the formation^^hgrein three or more of the heat 



sources are located in the formati 
sources comprises a triangular 



i>n in ajurifof heat sources, and wherein the unit of heat 
rn. 



703. The mejhdd of claim 66 
30 heat so^rc^s to at least aportis 

scHfrces-afe-iOcated in the formation 



, further comprising providing heat from three or more 
jormatmn j wVrHn three or mor e of the hea t 
in a unit of heat sources, wherein the unit of heat 
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ources comprises a^manguiarpatTgfn^ and wierein a plurality of the un^s are repeated 
over an area of the formation to form a repetfiive pattern of units. 



19 



l(A# 
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704. A method of treating a coal formation in siUi^e6mprising: 

providing heat from one or more he|t serflrces to at least a portion of the 
formation; 

allowing the heat to transfer/rom tfie one or more heat sources to a selected 
section of the formation to raisp^ui average temperature within the selected section to, or 
above, a temperature that will pyrolyze Hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling an atomic hydrogenjto carbon ratio of the produced mixture to be 
greater than abom 1.7 by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure j>p) set forth in the followingjequation for an assessed average temperature (7) in 
the sefected section: 



= e f-38000/T+6IJ 



where p is measured in psia and T is measured in 0 Kelvin. 

705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled tope greater than about 1.8, and wherein the equation is: 

p = e [-13000/T+24]^ 
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706. The method of claim 70S, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled^ o be greater than about 1 .9, and wherein the equation is: 



p = e 



[-8000/T+ 18] 



^~70T. The method or claim i04; wherein Ihe/OUe moie he a^so urc o s comprise. 
two heat sources,joid-whereiiff1^ ofpeat frorr^at least the two heat sources 

30 jggtt Ttyzes at least s ome hydnfcarbom witl^ftLC^sctcctcd section of the fuiiiidliuih -— 
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708 Thf method of r\nim 7fid r whprpin the o ne or more heat sources comprise 
electrical heaters. 



□ 

m 
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709. The methpdr^fe^aim 704, wherein the one or more heat sources comprise surface 
5 burners. 

710. The method of qlaim 704, wherein the one or more heat so)irces comprise 
flameless distributed cpmbustors. 



10 711. 
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the one or mjefre heat sources comprise natural 



distributed combustprs. 



712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of£ne formation, wherein the pressure is 
controlled as a function of temperaturpf or the temperature is controlled as a function of 
pressure. 



! y 

J22! 

n 



713. The method of claim / 12, wherein controlling the temperature comprises 
maintaining a temperatur^ithin the selected section within a pyrolysis temperature 
20 range. 
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714. The methefd of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

715. The method of claim 704, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

/heating a selected volu me (V) of the cog 
sourcdsrwheiriTfllie formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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to or less than Pwn 



rating energy/day provided to ihe volumei^ 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 



formation, p B is formationj 
°C/day. 



iensity, and wherein the heating rate is less than ahdut 10 



716. Themetb 
transferring heat 



»d of claim 704 



lerein allowing the heat to transfer comprises 



substantially by conduction. 



717. Themethl 



of claim 704, wherein providing^feat from the one or more heat 
sources compnses^eating the/selected section sucJn that a thermal conductivity of at least 
a portion of the selectedjgeuon is greater th^n about 0.5 W/(m °C). 

15 718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



ill 

e XT 
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719. The method of claini 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



720. The method of claim 704, wherein the produced mixture comprises non- 
condensable/nydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the nor/condensable hydrocarbons are olefins. 

721. / The method of claim 704, wherein the produced mixture comprises non- 
conaensable hydrocarbons, and wherein a mol ar ratio of ethene to ethane jua-the^non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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72 2: — "The method oi claim 704, wherein the produced mixtuTexom^rises^ondensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an ator 
basis, of the condensable hydrocarbons is nitrogen. 



111 
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723. The method'of claim 704, wherein the produced mixture comprises^ondensable 
hydrocarbons, and wherein less than atyout 1 % by weight, when calculated on an atomic 
basis, of the cpndensable hydrocarboi$ is oxygen. 



10 hydrocarbon: 



724. The nethod of claim 704, wnereWthe produce 



cture comprises condensable 



and wherein less tjaan about 1 % by we^ht, when calculated on an atomic 



basis, of the condensable hydrocarbons is sulfur. 

725. The method of claim 704, wherein tile produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise/phenols. 



% y 
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726. The method of cl^ifh 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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727. The/method of claim 704, wherein the produced mixture comprises condensable 
hydrocarcons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

'728. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanabouU13^ of the condensable 

hydrocarbons arFasphaltenes. 
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1297* I'fre method of claim 704, wherein the produced mixmrexomprisesxondensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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730. The method oJ<iainr7Q4, wherein the produced mixture comprises^ non- 
condensable component, wherein the non-condensable component coimfrises hydrogen, 
wherein the hydrogen is greaft r than about 10 % by volume of the nron-condensable 
d wherein the hydrogen is less than about 80 % by volume of the non- 



component, 
condensable 



component. 



73 1 . The Ifnethod of claim/704, \\foerdii-th^ produced mixture comprises ammonia, and 
wherein greater than about/).05 % by weight of the produced mixture is ammonia. 



n 
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732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
1 5 wherein the ammonia is used to producer Fertilizer. 

733. The method of claim 70Vturther comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2 ? wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



20 



734. The method/of claim 704, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

735. The method of claim 704, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 
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736. The method of claim 704, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture inlQ-the formatio n: — _____ 



737. The method of claim 704, further comprising: 
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3royicLiflfr4* y di'u gcxi (H2) to the heaied section 10 hydrog 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



icarbons 



5 738. The method of claim\704, wherein the produced mixture compri^s hydrogen and 



10 



condensable hyarocarbons, 
produced conaensable hydn 



739. The 
increasing a 
millidarcy. 



ie method further comprising hydrogen&ing a portion of the 
\arbons witjrat least a portion of the produced hydrogen. 



method of claim 704, wherein allowing threat to transfer comprises 
permeability of a majority of the selected section to greater than about 100 



ma. 

m 



e .ref 
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740. The method of claim 704, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a ^permeability of a majority of the selected section. 

741. The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight pf condensable hydrocarbons, as measured by Fischer Assay. 
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742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and v 
the formation for each production well 



the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
fof ea 



25 



743. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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744. The method of claim 704, further-GOffipriSmg providing heat from three oTmoT 
Vheat sources to^atieasTaportion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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- sour ces co mprises a Liiaiigulai pattern, anfl whbrein a plurality of thejinitgj 

OVPr an ar^fl nf thp frirrrratirm tn for m n /g>A3±5?'|5^ yn^ - 
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745. A method of treating a coal formation in situ, comprising: 
5 providing heat from one or more heat sources to at least one portion of the 

formation; 

allowing the heat to transfer from the jfae or more heat sources to a selected 
section of the formation; 

controlling a pressure-temperature /elationship within at least the selected section 
10 of the formation by selected energy inpin into the one or more heat sources and by 
pressure release from the selected sectjon through wellbores of the one or more heat 
sources; and 

producing a mixture from tKe formation. 

15 746. The method of claim 745; wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydroc^bons^vithin the selected section of the formation. 

747. The method of claiip 745, wherein the one or more heat sources comprise at least 
20 two heat sources. 



748. The method of c/aim 745, wherein the one or more heat sources comprise surface 
burners. 

25 749. The method off claim 745, wherein the one or more heat sources comprise 
flameless distributee! combustors. 

750. The method of claim 745, wherein the one or more heat sources comprise natural 
distributed combustors. 
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75 1 . The method of claim 745 , further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pyrolyzes at least some hydro/carbons within the selected volume of the formation; and 

wherein heating eneygy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated my the equation: 

Pwr = h*V*C v *p B f 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is fomiatidn bulk density, and wherein the heating rate is less than about 10 
°C/day. \ W 

754. The method ofbl^umJMo, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The methocyof claim 745, wherein providing heat from the one or more heat 
sources comprises Aieating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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757. The method of claim 745, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by ypeight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

759. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensab/e hydrocarbons is nitrogen. 

761. The method $S;lamr745, wherein the produced mixture comprises condensable 
hydrocarbons, arid Mierein less than about 1 % by weight, when calculated on an atomic 
basis, of the cond^nsabkJiydrocarbons is oxygen. 

762. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 763. The mfethod of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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764. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about/20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arcmiatics with more than two rings. 

766. The method of claim 745, \ynerein the produced mixture comprises condensable 
hydrocarbons, and wherein less tl)&n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein afeout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons pre cycloalkanes. 

768. The methbd of cMm 745, wherein the produced mixture comprises a non- 
condensable compWenu wherein tfhe non-condensable component comprises hydrogen, 
wherein the hydrogeriis greater than about 10 % by volume of the non-condensable 
component, and wherelnfllSnydrogen is less than about 80 % by volume of the non- 
condensable component. 

769. The methocyof claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

770. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein the amrrionia is used to produce fertilizer. 



771 . The method of claim 745, further comprising controlling a pressure within at least 
a majority of tile selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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772. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids a^fd H2, wherein the partial pressure of H2 within 
the mixture is greater than about 0.5 bar. 

773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than apout 0.5 bar. 
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10 774. The method of claim 745/ wherein the partial pressure of H2 is measured when the 
mixture is at a production welly 

775. The method of claim ft '45, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

15 numbers greater than about 25. 

776. The metlrocibf^mim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

20 777. The method of claim 745, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section^ and * 

heating a portion of the section with heat from hydrogenation. 



25 778. The metMod of claim 745, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



779. The method of claim 745, wherein allowing the heat to transfer comprises 
30 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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780. The method of claim 745, wherein allowing the neat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 781 . The method of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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783. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the' formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular pararn. 

784. The method of claim 743, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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~785. — A method of tr e ating a c oaHbrmalion in situ, compnsin 
heating a selected volume (JO of the coal formation, wljergin formation has an average 
heat capacity (C v ), and wherein the he; 
the selected volume of the formatio 

wherein heating enerj 
wherein Pwr is calculated by the equation: 



zes at least some hydrocarbons within 
e volume is equal to or less than Pwr, 




Pwr=M*V*C v *p B 

rein Pwr is the heating energy/day, h is an average heating rate of the formation, 
is formation b n ^-^^^yand-wher e in the heating rate is lessjh an about 10 °C/day J: 

4& oil 53 
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— TfteTnethod of claim 785, wherein heating a selectecf"' 
with an electrical heater. 



lecomprises heating 



o 



5 787. The method of claim 785, wherein heating a selected voluir^xomprises heating 
with a surface burner. 



788. The method qf claim 785, wherein heating a se^cted volume comprises heating 
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ameless distributed combustor. 



with a fl 



789. The method q[f claim^785, wherein heating a selected volume comprises heating 
with a natural districted combustors. 

790. The method of claim 785, ftfrther comprising controlling a pressure and a 
temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as ^function of temperature, or the temperature is controlled as 
a function of pressure. 



791 . The method of claim 785, further comprising controlling the heating such that an 
20 average heating rate of the selected volume is less than about 1 °C per day during 
pyrolysis. 
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792. The/method of claim 785, wherein a value for C v is determined as an average heat 
capacity of two or more samples taken from the coal formation. 

793/ The method of claim 785, wherein heating the selected volume comprises 
transferring heat substantially by conduction. 



1794. The method of claim 785 A 3±tefe ai hcatinu Hie Sele cted volume comprises Heating 
30 thelselectecTsection such that a thermal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). 
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le method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

796. The method of claim 785, wherein the produced mixture comprises c<mdensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by wej^nt of the 
condensable Kydrocarbonsfcre olefins. 
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797. Thjb method of clai 
condensat le hydrocarbon 
of the nonAcondensable h^droc 



785, wherein the produced mixture comprises non- 
$ wherein about 0.1 % by^eight to about 15 % by weight 
>olefins. 



798. The method of/laim 785, wherein the^produced mixture comprises non- 
condensable hydrocarbons, and wherein ainolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from/about 0.001 to about 0.15. 

799. The method of claim 785ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method ofclaim 785, wherein the produced mixture comprises condensable 
hydrocarbons, andwherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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801 . The/method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, m the condensable hydrocarbons is sulfur. 



802f. The method of claim 2&5 r J whsreinTHeproduced mixture comprises condensable 
30 hydro5Hrbon§7^^rein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons-Gempi^^ containing compounds, and whereintE?o5 

containing compounds comprise phenols. 



803. The method of claim 78 5 , wherein the produced mixture comprises condensable 



hydrocarbon^fancTw 



hydrocarbons are aromatic^compounds 



rein greater than about 20 % by weight of the condensable 



804. the method of Maim 785/wherein the produced mixture comprises condensable 
hydrocarbons, and whereinTess than about 5 % by weiglu^f the condensable 
hydrocarbons comprises multi-ring aromatics with mjaffe than two rings. 
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805. The method of claim 785, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less than abcjjif 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

807. The mettfod of claim 785, wherein the produced mixture comprises a non- 
condensable/component, wherein the non-condensable component comprises hydrogen, 
wherein tjie hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



p08. The method of claim 785, wherein the produced mixture comprises ammonia, and 
/wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



The method of claim JZ&S-rwhefeiiT the produced mixture comprises ammonia, and 
30 wherein the ammonia is used to produce fertilizer 
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le method of claim 785, further comprising controllingaprSSstiFd^d^iin at least 
a majority of the selected volume of the formation, wherein the controlled pressure is aC 
least about 2.0 bar absolute. 
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811. The method of claim 785, further comprising controlling formation conditions to 
produce a mixture^emrlhe^Drmation comprising condensable hydrocarbons and H2* 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 



812 
10 mixture 



Tl/e method of cl; 
at a production 




the partial pressure of H2 is irfeasured when the 



813. The method of dlaim 785, further comprising altering a pressure within the 
formation tovmhibit production of hydrocarbons frgm the formation having carbon 
numbers greaterlhan about 25. 

814. The method of claim 785, whp&'m controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of cteim 785, further comprising : 
providing hydrogen (H2) to the heated volume to hydrogenate hydrocarbons 

within the volume^and 

heating/ portion of the volume with heat from hydrogenation. 



816. The method of claim 785, wherein the produced mixture comprises hydrogen and 
25 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

817. The method of claim 785, further comprising increasing a permeability of a 
majority of the selected volume to greater than about 100 millidarcy. 
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^ 818. ThtrrnetEo^ofclaim 785, further comprising substantially uniformly increasing^ 
permeability of a majority of the selected volume. 

819. The method of claim 785, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer AsSay. 
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820. The methc(d of claim 785, wherein producing the mixture comprises producing 
the mixture in ayproduction well, and wherein at least about 7 heat spwces are disposed in 
the formation for each prodi Mion well. 

821. The method of claim 785, further comprising radviding heat from three or more 
heat sources to ark&sta'portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of^eat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion o£/fhe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

823. A method of/xreating a coal formation in situ, comprising: 
providing/neat from one or more heat sources to at least a portion of the 

formation; 

alloying the heat to transfer from the one or more heat sources to a selected 
section ojrthe formation to raise an average temperature within the selected section to, or 
above, / temperature that will pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 
heating rate of the selected section rises by ^^ an ^ h rm f * ° r p p r Ha v wh ^ n tV > p w ^ra^ 
temperMuiEjCLLtlie-ssleel^^ or above, the temperature that will pyrolyze 

hydrocarbons within the selected section; and 
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producing a mixture from the formation. 
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824: — TherfflBttioa of claim 823, controlling heat output comprises^- 

raising the averagetemgerature within the selected section to a first temperat 
that is at or above a ipinimum pyrosis temperature of hydrocarbons within the^ 
formation; 

limiting energy input intb the one or more heat sources to inhib#lncrease in 
temperature of tqe selected sectj^n; and 

increasing energy input/into the formation to raise an average temperature of the 
10 selected section above the firs? temp&rmure when producfi<fri of formation fluid declines 




below a desired production 



825. The method of claim 823, controlling/Keat output comprises: 

raising the average temperature wrmin the selected section to a first temperature 
15 that is at or above a minimum pyrolj^fs temperature of hydrocarbons within the 
formation; 

limiting energy input iffto the one or more heat sources to inhibit increase in 
temperature of the selected'section; and 

increasing energy input into the formation to raise an average temperature of the 
20 selected section above the first temperature when quality of formation fluid produced 
from the formation falls below a desired quality. 
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826. TWmethod of claim 823, wherein the one or more heat sources comprise at least 
two heat/sources, and wherein superposition of heat from at least the two heat sources 
pyrolwes at least some hydrocarbons within the selected section. 



82/7. The method of claim 823, wherein the one or more heat sources comprise 
electrical heaters. 



30 828. 

burners. 



TefKodof claim 823, wherein the one or more heat sources comprise surface 
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J*7Q TV| e met hodH¥f^4mTTT^ s 1 wherein the one or more heat sources compf 
flameless distributed combustors. 



5 830. The methotTiTf^claim 823, wherein the one or more heat sources comprise natural 
distributed combustors. \ 
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831. The n ethod of Maim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is\controlled a^a function ofjtemper^ture, or the temperature is controlled as 
a function of pressure. 
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832. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less tjran about 1 .5 °C per day during pyrolysis. 

833. The method of clairjr 823, wherein the heat is controlled that an average heating 
rate of the selected sectLefn is less than about 1 °C per day during pyrolysis. 



20 



834. The meth^a of claim 823, wherein providing heat from the one or more heat 
sources to at 1/ast the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources/wherein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pyrojyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
therein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 



30 835. The method of claim 823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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836. TTigjnethcd'^orclaim 823, wherein providing heat from the on^oTmore heat 
sources comprises heating the selected section such that a thermal conductivity o^at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

837. The method of claim 823, wherein the produced mixture comprises condensable t 
hydrocarbons haying an API gravity of at least about 25°. 
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838. The/method of claim 823, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein a\put 0.1 % by weight to about lyvo by weight of the 

condensable hydrocarbons are oJ 

839. The method of claim 823, wherein the proceed mixture comprises condensable 
hydrocarbons, wh^eiojhe condensable hydrocarbons have an olefin content is less than 

15 about 2.5 % by weight of the condensabl^nydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weighUn the condensable hydrocarbons. 

840. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbonsywherein a molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 

ethane is greater than/about 0.001 . 
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841 . The memod of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensabl/ hydrocarbons is less than about 0.10 and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



842. / The method of claim 823, wherein the produced mixture comprises non- 



con 



snsable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons is less than about O.OSjndjyherein-theTatio of ethene to 
ethafte is greater than aboutt), 
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_84£= — TheTneSiod of claim 823, wherein the produced mixture comprise<r&t>^densable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on a^ atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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844. / The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, ahd wherein less than about 1 % by weight, when cal^mated on an atomic 
basi i, of the co/ipensabl$ hydroc^ons is oxygen. 

845. \ Theiftethod of claim 823, wherein the produced fixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by \^ighit, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur, 



846. The method of claim 823, wherejif the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comppfse phenols. 

847. The method of/laim 823, wherein the produced mixture comprises condensable 
20 hydrocarbons, and Wherein greater than about 20 % by weight of the condensable 

hydrocarbons ar^ aromatic compounds. 
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848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



849. The method of claim 823, wherein the produced mixture comprises condensable 

hy4rocarbons, an d whereinJ ^s s - than about 0.3 % bv weight of t ho condr m n h le 

hydrocarbons are asphaltenes. 
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^SSO^JOofijaaethodno^ condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight ol 
condensable hydrocarbons are cycloalkanes. 
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85 1 . The method^f claim 823, wherein the produced mixture comprises a non- 
condensabl^componenkwherein the non-condensable component comprises hydr0§en, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less tljan about 80 % by voluipeof the non- 
condensable component 

852. The method of claim 823, wherein the produced^iixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of th^-produced mixture is ammonia. 
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853. The method of claim 823, wherem'the produced mixture comprises ammonia, and 
15 wherein the ammonia is used to produce fertilizer. 

854. The method of claim / 823, further comprising controlling a pressure within at least 
a majority of the selected^ection of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



20 



855. The method of claim 823, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 



within the mixture is greater than about 0.5 bar. 



25 856. /The method of claim 823, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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857. The method of claim 823, further comprising altering a pressure within the 
formation to lfrh&i j production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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858. The mgthod-ofr1Mnr823 5 wherein controlling formation conditions 
"recirculating a portion of hydrogen from the mixture into the formation. 
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859. The methodpf-eiahn 823, further comprising: 
providing^ to the heated section to hydrogenate hydrocarbons witjaih the 

section; and / , ^ 

heating a portion of {he section with heat from Jjydrogenati 

860. The niethod of clainfr 8^3, wherein the^produced mixture comprises hydrogen and 
10 condensable hydrocarbons/ the mettrodlurther comprisjiig hydrogenating a portion of the 

produced condehsable hydrocarbons with at least a ^ffortion of the produced hydrogen. 

861 . The method of claim 823, wherein aHowing the heat to transfer comprises 
increasing a permeability of a majority pi the selected section to greater than about 100 

15 millidarcy. 

862. The method of claim / §23, wherein allowing the heat to transfer comprises 
substantially umfoimly^mcreasing a permeability of a majority of the selected section. 

20 863. The method of claim 823, further comprising controlling the heat to yield greater 
than about 60 / % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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864. /The method of claim 823, wherein producing the mixture comprises producing 
the /fiixture in a production well, and wherein at least about 7 heat sources are disposed in 
formation for each production well. 
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865. The method of claim 823, further comprising p roviding heat frc 
heat^om ges to at j easLa-portionngftKe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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J&&. — THelnethod of claim 823, further compiistTig^wdding heat from three or more 
heat sources to at least a portion of the formation, wherein three or mor£7rf4h^heat 
sources are located in the formation in a unit of heat sources, wherein the unit of hf 
sources comprises a triangular pattern, and wherein a plurality of the units apei*epeated 
over an area ofAe formation to form a repetitive pattern of units. 



867. A method of treating a coal formation in situ, comprising: 



5w$ 



IS 



Eil 



tssr 



10 



15 



20 



one or more heat sources^o at leasr a portion of the 
d section of the formation to an average temperature above 



sferjkfm the one or more heat sources to the selected 




providing heat fro 
formation: to heat a select! 
about 270 rC 

allowing the heatfto 
section of theyformatiojl; 

controllm^flie heat from the one or mofe heat sources such that an average 
heating rate of the selected section is less than about 3 °C per day during pyrolysis; and 
producing a mixture from the formation. 



868. The method of claim 867^ wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of claim 867, wherein the one or more heat sources comprise 
electrical hearers. 



870. /The method of claim 867, further comprising supplying electricity to the electrical 
25 heaters substantially during non-peak hours. 



1 . The method of claim 867, wherein the one or more heat sources comprise surface 
burners. 



30 8y2. The method of claim 867, wherein the one or more heat sources com prise 
flanietess-distribuied^combustors. 
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-87^ — The-methonrot claim so/, wherein the one or more heat sour? 



natural 



distributed combustors. 
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874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherei 
the pressure is'xontfolled as a function of temperature, or the temperature is^xrfnrolled as 
a function of/pressure.\ 




10 875. The riiiethod oX claim 867, \ynerein the heat is further controlled such that an 

average heating rate hf fhe^£ele€ted section is less thajv^bout 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 

876. The method of claim 867, wherein/fne heat is further controlled that an average 
15 heating rate of the selected section is kfss than about 1 .5 °C per day during pyrolysis. 

877. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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878. The method/of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wnerein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyz^s at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
ierein Pwr is calculated by the equation: 
Pwr = /2*F*C v */)j5 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
mnation, p B is formation-btrik^ensity. 
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claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least, 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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881. The ijiethod of\claim 867, wherein the produced mixture comprisjes'condensable 
hydrocarbons having ahVpi gravity of at least ajafout 25°. 

882. Trie method of claim 867, wherdrfihe produced mixture comprises condensable 
hydrocarbons, and wherein afetrat-6TI % by weight to about 15 % by weight of the 
condensable hydrocaj/oons are olefins. / 

883. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

884. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



885. /'The method of claim 867, wherein the produced mixture comprises condensable 

/ 

25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is nitrogen. 
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s es cond e nsable 



886. The method of claim 867, wherein the pro duced mh 
hydrocarbons, and lwhej£i»4ess^ 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 
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887. The me thod of._c IawrSfT?. wherein the produceTTTTrhrhTre^xtmprises; condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated ^h^n atomic 
basis, of the condensable hydrocarbons is sulfur. 



888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the coiafaensable 
hydrocarbo^^omprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



00 



10 889. Ttie method of claikh 867, wherein^he produced mixture/fomprises condensable 
hydrocarbons, and wherein gre&terthan about 20 % by weigjafi of the condensable 
hydrocarbon^ are aromajac compounds. 

890. The method of claim 867, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5% by weight of the condensable 
hydrocarbons comprises multi-ring aromatfcs with more than two rings. 
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891 . The method of claim 867, yherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^fhan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltene 
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892. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and^wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

893. Tne method of claim 867, wherein the produced mixture comprises a non- 
condetfsable component, wherein the non-condensablej^ 

wherein the hydrogenjsjpsater^^ % by volume of the non-condensable 

component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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894. The method of claim 867, wherein the produced mixtureEDmprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ahimonia. 



895. The method of claim 867, wherein the produced mixture comprises yammonia, and 
5 wherein the ammonia is used to produce fertilizer. 
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896. The mejhftd ofclaim 867, further comprising controlling a/pressure within at least 
a majority ofthe selected section of the formation, wherein th^controlled pressure is at 



10 least about 6.0 bar absolute 



15 



897. Thd method o 
produce a mixture of 
within the mixture 




im #67, further comprising controlling formation conditions to 
condensable hydrocarbon^and H2, wherein a partial pressure of H2 
greater than about 0.5ytfar. 



898. The method of claim 897, wjaferein the partial pressure of H2 is measured when the 
mixture is at a production well. 

899. The method of claim 867, further comprising altering a pressure within the 
20 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 
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900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



901. / The method of claim 867, further comprising: 



providing hydrogen (H2) to theheated-seetion"tS"fiyarogenate hydrocarbons 
withhk the sectk 

heating a portion of the section with heat from hydrogenation. 
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■ - 90 2: — ine method of claim 867, wherein thfTproHuc^^ hydrogen and 

condensable hydrocarbons, the method further comprising hydrogenating a portteo of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogeA. 



903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater th^n about 100 
millidarcy. 



904. The method of claim 867, wherein allowing the heat to^ansfer comprises 
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[y uniformly increasing a permeability of a maipfity of the selected section. 



905. The method of claim 86l7, further comprising controlling the heat to yield greater 
than about\60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 906. The metRoSof claim 867, wherein producing the mixture comprises producing 
the mixture in a production well, ancKvherein at least about 7 heat sources are disposed in 
the formation for each productionfwell. 

907. The method of claim 867, further comprising providing heat from three or more 
20 heat sources to at least ^ portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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908. The/method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sojifrces comprises a triangular pattern, and wherein a plurality of the units are repeated 
Dver an area of the formation to form a repetitive pattern of units. 



'oftreating a coal formation in situ, comprising: 
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providin£heat-fi^Hrone*or more heat sources to at leastlfpnrtien^jf the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation through at least one production we)f; 

monitoring a temperature at or in the production well; and 

controlling'lieat inpu^to raise the monitored temperature at a rate ofj^ss than 
about 3 °C per4ay. 



139 
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10 910. The 
two heat 
pyrolyzes at 



ethod of claim P09, wherein the one or more heat^ources comprise at least 
sources, and wherem superposition m heat from aj^least the two heat sources 
east some hydrocarbons wrthin the selectee section of the formation. 



911. The metlwd of clzpm 909, wherein the ope or more heat sources comprise 
15 electrical heaters. 

912. The method of claim 909, wherein the one or more heat sources comprise surface 
burners. 

20 913. The method of claim^09, wherein the one or more heat sources comprise 
flameless distributed comfeustors. 
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914. The method of claim 909, wherein the one or more heat sources comprise natural 
distributed combustors. 



915. The method of claim 909, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatur e, or the t€ 
a tuftction of pressure^. 
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916 
rate 



The method of claimJiQ^r^ heat is controlled thaTHrraverage heating 

Tected section is less than about 1 °C per day during pyrolysis. 
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917. The method of claim 909, wherein providing heat from the one or more heat, 
sources to at l^aJft the portibn of formation comprises: 

heating a selected volume (V) of the coal formation from the one or mofe heat 



sources, 
pyrolyzes 




erein the formation n^s an 
at least some hydr< 



average^Meat capacity (C v ), and wherein the heating 
withki the selected volume of the formation: and 



wherein heating energ 



/ided to the volume is equal to or less than Pwr, 



10 wherein P 

Pwr^rh*V*C v *p t 
wherehi Pwr is the 
formation, p B is for 



is calculated by the equation: 



eating energy/day, h is ; 
bulk density. 



iverage heating rate of the 
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15 918. The method of claim 909, wherein^llowing the heat to transfer comprises 
transferring heat substantially by condition. 

919. The method of claim 909; wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
20 a portion of the selected section is greater than about 0.5 W/(m °C). 



920. The method^of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



25 92 1 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocafbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



922. Th^methocTofclaim 909, wherein the produced mixture comprises non- 
30 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 



348 



Conley, Rose & Tayon, P.C. 



ethane is greater than about 0.001. 



923. The method of claim 909, wherein the produced mixture comprises condensable 



5 hydrocarbons, and^\4iereinles^Nthan about 1 % by weight, when calculated 9ffan atomic 
basis, of the condensable hydrocarbons is nitrogen. 



10 



924. Th£ method of clainV 909, yherein th^foduced mixtm^comprises condensable 
hydrocarbons, and wherein less than abpm 1 % by weight >y ^en calculated on an atomic 
basis, of jhe condensable hydrocarbons is oxygen. 
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925. Thesjnethod of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, > &Rdjadtferein less than about V% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

926. The method of claim 90^/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about/5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

927. The mpfnod of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



929. The method of claim 909_ i ^diei^krtheT5fo3uce^ comprises condensable 

hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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930. The method of claim 909, wherein the produ ced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30%T55 r W e *fi^°f the 
condensable hydrocarbons are cycloalkanes. 
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93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydroge 
wherein the hydrogen is greater than about 10 % by volume of the non-condensabh 
component, and wherein tljHiydrogerH^ less than about 80 % by volume of th^non- 
condensable componer 
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932. The method 
wherein greater thai l 



f claim 909, wherein the produced mixture C0mprises ammonia, and 
about 0.05 % by weight^! the producecLmixture is ammonia. 



15 933 . The method of claim 909, wherein the produped mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilize 

934. The method of claim 909, furthepxomprising controlling a pressure within at least 
a majority of the selected section o|>me formation, wherein the controlled pressure is at 

20 least about 2.0 bar absolute. 

935. The method of plaim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2 3 wherein a partial pressure of H2 
within the mixtiire is greater than about 0.5 bar. 



936. yhe method of claim 935, wherein the partial pressure of H2 is measured when the 
mixtdre is at a production well. 



30 



)37. The method of claim 909, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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TETnethocTof claim 909, wherein controlllngTormatioxi^onditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



5 939. The method of clain^9697fucttier comprising: 

providing H2 to/flie heated section to hydrogenate hydrocarbons within the 
section; and 

heating a g6rtion of the section witli heat from hydrogenation. 

10 940. The mettfod of claim J9(H^ wherein the ppdtfced mixture compifses hydrogen and 
condensable hydrocarbons, ttie method further comprising hydrog^nating a portion of the 
produced condensable hydrocarbons with at least a portion oflhe produced hydrogen. 
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94 1 . The method of claim 909, wherein allowing jA\e heat to transfer comprises 
increasing a permeability of a majority of the se^cted section to greater than about 100 
millidarcy. 

942. The method of claim 909, w^rein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claim 909, farther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



944. The metKod of claim 909, wherein producing the mixture comprises producing 
25 the mixture ma production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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945. / The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources^and^vKerein the unit of heat 
sourcesxomprises a triangularpattera. 
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946. _^Fhfmethod of claim 909, further comprising providingtteat from three or more 
heat sources to at least a portion of the formation, wherein three or moi^of the heat 
sources are located in the formation in a unit of heat sources, wherein the ujiit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units a^e repeated 
over an area of the formation to form a repetitive pattern of units. 
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947. A method of treating^ea^formation in situ, comprising: 
heating a portion m the formation to a temperature sufficient to^upport oxidation 

10 of hydrocarbons within/the portior^wliferein the portion is located syrotantially adjacent 
to a wellbore; 

flowing an oxidant through a condmrpSsitioned within the wellbore to a heat 
source zone within the {Wtion, vOherein the heat source ^tfhe supports an oxidation 
reaction between hydrocarbons and the oxidant; 
15 reacting a portion of the oxidant with hydr6carbons to generate heat; and 

transferring generated heat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a portion ofxhe hydrocarbons within the pyrolysis zone. 

948. The method of claim 947< / wherein heating the portion of the formation comprises 
20 raising a temperature of the portion above about 400 °C. 



25 



949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 



950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. 



951. NZhe method of cl aim 947. furth e r rp™p"'d n Q r^mnwi'np pypp^ mri/font f rorn ftp 
30 heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 
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)52^ ^JheTilgfKodof claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. The method of claim 947, further comprising heating the conduit wjtn reaction 
5 products being removed through the wellbore. 
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954. The ipethod o^claim 947, wherein the oxidant comprises hydrogen peroxide. 



955. Thertethodofcl 



iina947, wherein the oxidant cemiprises air. 



956. The memod of iclaim 947, wherein the o^ant comprises a fluid substantially free 
of nitrogen. 



957. The method of claim 947, further comprising limiting an amount of oxidant to 
15 maintain, a temperature of the heat source zone less than about 1200 °C. 

958. The method of claim 947, wherein heating the portion of the formation comprises 
electrically heating the formation. 

20 959. The method ofixlaim 947, wherein heating the portion of the formation comprises 
heating the portion iising exhaust gases from a surface burner. 



25 



960. The meihod of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 

961 . Tne method of claim 947, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



30 
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962. The method of claim94 



lefcompnsing controlling the heat suchthafarT 



average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 



Its* 



963. The method of claim 947, wherein heating the portion comprises heating the 
5 pyrolysis zone sa6nthaba thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 Wl(m °C). 
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The method of claim 947, further comprising controlling a pressure within at least 




964. 

a majorit; 
1 0 least about 2.0 bar absblube. 



of the pyrolysis zone of the formation, wherein the controlle^ressure is at 




965. The flfrethoei of claim 947, further comprising: 
providing hydrogen (H2) to the pyrolysis zoijeio hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pyrolysis zoja€ with heat from hydrogenation. 

966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a ij^jority of the pyrolysis zone to greater than about 1 00 
millidarcy. 

967. The method of claim 947, wherein transferring generated heat comprises 
substantially imifefrmly increasing a permeability of a majority of the pyrolysis zone. 



968. Themiethod of claim 947, wherein the heating is controlled to yield greater than 
25 about 60/% by weight of condensable hydrocarbons, as measured by Fischer Assay. 

969. / The method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 



30 970. The^n ethod of claim Q47 Y^prf»injtkfa^utf4^^ to increase 

uniformity of heating along a heated length of the wellbore. 
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97 1 . Themethod of claim 947 r wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. ^^^^^ 



972. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidant; 

/ A / 

flowing the oxidant into a conduit, and wherein the conduit is connected suphr that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing tlsje oxidant/^nd the hydrcy^rbons to react to produce Jje^t in a heat 
source zone; 

allowing heat tolransfer from the heat source zone toil pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone; 
and ^y/^ 

removing reaction products such that the reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 



973. The method of claim / 972, wherein heating the portion of the formation comprises 
raising the temperature of the portion above about 400 °C. 



974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. 

915. ^/^t method of claim 972, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



?76. The method of claim 972, wherein the conduit comprises critical flow orifices, the 

further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 
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_977 i _J^be-inethoa^rcE 972, wherein the conduit is located within a wellbore^ 
wherein removing reaction products comprises removing reaction products from the he^t 
source zone through the wellbore. 



M 



5 978. The method of claim 972, further comprising removing excess oxidanpfrom the 
heat source/^oneTfwjihibit transport of the oxidant to the pyrolysis zone. 

979. The method of claim 972, further comprising transporting Jhe oxidant from the 
conduit tq the heat source zone substantia)^ by diffusion. 



10 



method furtheXcomprisij 



980. TheWthod of claimy727wherein the conduit -is located within a wellbore, the 



g heating the conduit with reaction products being removed 



through the wellborTto raise a temperature of the oxidant passing through the conduit. 



15 981 . The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 

/ 
/ 

j' 

982. The method of claim ^72, wherein the oxidant comprises air. 
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983. The method of claim 972, wherein the oxidant comprises a fluid substantially free 



20 of nitrogen. 



/ 



984. The method of claim 972, further comprising limiting an amount of oxidant to 

/ 

maintain a temperature of the heat source zone less than about 1200 °C. 



25 985/ The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone at a temperature that inhibits production 
}f oxides of nitrogen. 



16. The method of claim 972, wherein heatir 



if- the foi Ination to a" 



30 temperafflre sufficieirnosupport oxidation of hydrocarbons within the portion further 
comprises heating with a flameless distributed combustor. 



Conley, Rose & Tayon, P C. 




987 : __JDi£4»ethod^ further comprising controTIifTE-a-^ressure and a 

temperature within at least a majority of the pyrolysis zone of the formation, whereirKhe 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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988. The method of claim 972, further comprising controlling the heat sudh that an 
average heating rate of the oytolysis zone is less/than about 1 °C per day during pyrolysis. 

10 989. The method of claim V72, wheremTallowing the hea)>to transfer comprises 
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transferring 



leat substantially bVeeriauction. 



990. The memc^ofcl^m 972, wherein al^wing heat to transfer comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
15 is greater than about 0.5 W/(m °C). 



991 . The method of claim 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis zpne, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



992. The method of claim 972, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 

993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 




30 994. The method^Fclaim 972, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 
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995. The metho dji£xdaim ^2, fuilliu compiling coiiliuH tttg^eJieat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fische?A§say. 



996. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reacti6n 
of hydrocarbons within the portion of the formation with an oxidizing fluid, whej^in the 
portion is located substantially adjacent to an opening in the formation; 
pratfdinglhe oxidizing fluid to a heat source zone in the formatic 
allowing the oWiizing gas to reaa with at least a portion of tjae hydrocarbons at 
the heatl source zone tq gefrefate-hgat in the heat source zone; aiK 

ransferring the! generated heat substantially by condition from the heat source 
zone to aWrolysis zor/e in the formation. 



997. The method of claim 996, further compp^ing transporting the oxidizing fluid 
through the heat source zone by diffusion. 

998. The method of claim 996, fiurther comprising directing at least a portion of the 
oxidizing fluid into the opening/through orifices of a conduit disposed in the opening. 



999. The method of c&im 996, further comprising controlling a flow of the oxidizing 
fluid with critical flo^ orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



1000. T^e method of claim 996, wherein a conduit is disposed within the opening, the 
methdcl further comprising removing an oxidation product from the formation through 
conduit. 



LD01. 




of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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the conduit an d transferring ^ ihstantial h eat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. 

1002. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

1003. The method^fxlaim 996, wherein a conduit is disposed witjafn the opening, the 
method further comprising>emoving an oxidation' product from me formation through 
the conduit and c^ntrollingy^ressure betweervahe oxidizing fluid and the oxidation 
product in the conduit to reduce cc5irtaffrin£tion of the oxidation product by the oxidizing 
fluid. 



1004. The method of 5iairry996, wherein a cefiter conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



1005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1006. The method of claim 996, wherein heating the portion comprises applying 

/ 

electrical current to an electric heater disposed within the opening. 

/ 

/ 

1007. /The method of claim 996, wherein the pyrolysis zone is substantially adjacent to 

/ 

the/heat source zone. 



fa 008. The method of claim 996, further compjisiag-ctrntrolling a pressure and a 
^temperature within at leastjuaajtfff^ of the pyrolysis zone of the formation, wherein the 
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pFessOTeTrconSolled as a function of temperature, or the temperaturHs^ontrolled as a 
function of pressure. 

1009. The method of claim 996, further comprising controlling the heat sucli that an 
5 average heating rate of the pyro lysis zone is less than about 1 °C per day/Iuring pyrolysis. 



3«i 



f .B 
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1010. The method of claim 996, wherein allowing the heat to ti^nsfer comprises 
transferring Ijtfat substantially by conduction. 

1011. Tip methoti of claim 996, wherein allowing^at to transfer comprises heating the 
1 lermal conductivity of at least/a portion of the pyrolysis zone is 



portion such that a 
greater th an about C 



vW/(m °C). 



1012. Thk methoa of claim 996, further comprising controlling a pressure within at least 
15 a majority oithe'pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



ry 



20 



1013. The method of clain/996, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 



1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing ^permeability of a majority of the pyrolysis zone to greater than about 100 
25 millidarc 

101o. The method of claim 996, wherein allowing the heat to transfer comprises 
ibstantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



30 / 1016. The method of clah]i-99^rftrtKeFcomp controlling the heat to yield greater 
~% by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1Q17- — Ar^rtethSS^oftreating a coal formation in situ, comprising? 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowin&Ae-heat to transfer from the one or more heat sources to a selected 
section of th^formation^ 

producing a mi>We from the formation; and 

maintaining an ; verage temperature within the selected sectiop^bove a minimum 
pyrolysis ^ smperature a ad b\low a vaporization temperature of h^I^rocarbons having 

man 25 to inhibit production of a substantial amount of 
Lrbpn numbers greater than 25^n the mixture. 



1 0 carbon nui nbers greater 
hydrocarbons having c 



1018. The method of claim 1017, wherein ^fcife one or more heat sources comprise at 
least two heat sources, and wherein supposition of heat from at least the two heat 

15 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1019. The method of claim 1017, wherein maintaining the average temperature within 
the selected section^pomprises maintaining the temperature within a pyrolysis 

20 temperature rant 



1020. TWmethod of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. 

25 1 Oft 1 . The method of claim 1017, wherein the one or more heat sources comprise 
rface burners. 

1022. The method of claim 1017, wherein the one or more heat sources comprise 
flatneles&distributed combustors. 



30 



361 



Conley, Rose & Tayon, PC. 



1 Q23 . The method of claim 1017. wherein the^o ne or more heat sources comprise natural 
distributed combustors. 

1024. The method of claim 1017, wherein the minimum pyrolysis temperature is'^ater 
than about 270 °C. 

1025. The methadof claim 1017, wherein the vaporization temperature is less than, 
approximately 4o0 °C at atmospheric pressure. 



1 026. The m rthod of claii 
temperature within at least 



the pressure is 



controlled 



1017, further comprising controlling a pressure and a 
majority of the selected section of theix)rmation, wherein 
s asfunction of temperature, or the^emperature is controlled as 



a function of pressure. 



1027. The method of claim 1017, furthene<5mprising controlling the heat such that an 
average heating rate of the selected sp£uon is less than about 1 °C per day during 
pyrolysis. 



1028. The method of^laim 1017, wherein providing heat from the one or more heat 
sources to at leasUne portion of formation comprises: 

heatinga selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
therein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the h^ afinp ^n p rp . y/riny , h i p nn rr^m p ,- 1 T= ^ r rf r r ^° nf thr> 



formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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1029. The mgthtftfof claim 1017, wherein allowing the heat to transfer composes 
transferring heat substantially by conduction. 

1030. The method of claim 1017, wherein providing heat from the one or more heatj 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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1031. The metho(Lof claim 1 0 1 7, wherein the produced mixture comprises condensable 
hydrocarbons having an AH gravity of at least /about 25°. 



1032. Themei 
hydrocarbons, 
condensable hy 



od of claim i\017, wherein the produced mixture comprises condensable 
^nd wherep aboul^rf% by weight to about 15 % by weight of the 
irocarbons are olefins. 



1033. The method of claim 1017, wherein the produced mixture comprises non- 

condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

/ 

of the non-condensable hydrocarbons are olefins. 

/ 

1034. The method ofdaim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greate/than about 0.001. 



1035. The method of claim 1017, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1036A The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigh^jvheaxateui^ 
basis, of the con3en5*able liydiucai'Uons is oxygen. 
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lemethod of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated opfm atomic 
basis, of the condensable hydrocarbons is sulfur. 



1038. The method of claim 1017, wherein the produced mixturexomprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % b/weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise phenols. 
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10 1039. The-method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about*20 % by weight of the condensable 
hydrocarbons ar^^romatic^ 

1040. The methoa of claim 1017, wlierein the produced mixture comprises condensable 
15 hydrocarbons, and/wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



1041 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 



^ 20 hydrocarbons are asphaltenes. 

^ / 

/ 

1 042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons/ and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1043^/The method of claim 1017, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
Component, and wherein the hydrogen is lessjhg 
condensable componei 



ten- 



Conley, Rose & Tayon, PC. 



J 044 . The niethod-oftrfain^ the produced mixture compnse^amroonia, 

and wherein greater than about 0.05 % by weight of the produced mixture is ammonia 



1045. The method of claim 1017, wherein the produced mixture comprises amnjemia, 
and wherein the ammonia is used to produce fertilizer. 



least a majority 
is at least aboui 




1046. The method oficlaim 1017, further comprising controlling a pressure within at 



of the 



selected section of the formation, whereiiUne controlled pressure 



2.0 bar absolute. 



1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture^ condensable hydrocarbon^nd H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 



1048. The method of claim 1047, wjzerein the partial pressure of H2 is measured when 
the mixture is at a production well 

1 049. The method of claimr 1 0 1 7, wherein controlling formation conditions comprises 
recirculating a portion of/nydrogen from the mixture into the formation. 

1 050. The methoci of claim 1017, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1051/ The method of claim 1017, wherein the produced mixture comprises hydrogen 

condensable hydrocarbons, jhgunethod-fe a portion o f 

E^e produced^eoffdensable hydrocarbons with at least a portion of the produced hydrogen. 
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lOS^JDiemgl^^ allowing the heat to transfereomonses 

increasing a permeability of a majority of the selected section to greater than about H 
millidarcy. 



5 1053. The method of claim 1017, wherein allowing the heat to transfer composes 
substantially uniformly increasing a permeability of a majority of the selected section. 
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1054. ^flTe method of claim 1017, further comprising controlli**§ the heat to yield greater 
tharykbout 60 %iby \^eight of condensable hydrocarbons, jjfcs measured by Fischer Assay. 

1035. The methodtaf claim 1017, wherein producing the mixture comprises producing 
the ispixture in a projJucti^weUr^nd wherein p£ least about 7 heat sources are disposed in 
the formation for ea'ch production well. 

1056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



H 



20 1057. The method^of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an>area of the formation to form a repetitive pattern of units. 

10^8. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a select ed 
30 s^Ctieft-o£th©4ef 
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controlling ajares su r o within t he formation to iu hibitjjroduction of hydrocarbons 
~tKe formation having carbon numbers greater than 25; and 
producing a mixture from the formation. 

5 1059. The method of claim 1 058, wherein the one or more heat sources compose at 
least two heat sources, and wherein superposition of heat from at least the tyro heat 
sources pyrolyzes at least some hydrocarbons within the selected sectiqja'of the 
formation. 

10 1060. The method of claim l|C\58, wherein the one or mor^eat sources comprise 
electrical heaters. 



15 



1061. The method of claim 
surface burners) 



05$ wherein the cme or more heat sources comprise 



1062. The method of claim 1058, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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1063. The method of claim ^58, wherein the one or more heat sources comprise natural 
20 distributed combustors. 



25 



1064. The method/of claim 1058, further comprising controlling a temperature within at 
least a majority yof the selected section of the formation, wherein the pressure is 
controlled a^ function of temperature, or the temperature is controlled as a function of 
pressure./ 



1065. The method of claim 1064, wherein controlling the temperature comprises 

/maintaining a temperature within the seler.teH gprtinn ^vithin n pyrnlyw^TTTTTperatiirp 
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JJ)££L-- : Fhe~TnetK^^ claim 1058, further comprising controlling the heat such that ; 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



*S=f 
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5 1067. The method of claim 1058, wherein providing heat from the ope or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation frorfi the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes £rf1easTsoh^ hydrocarbons within the selected volume of the formation; and 
10 wnerein heatiAg energy/day provided to th^/volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Fipr = h*V*c) 

wherein Pwr is ;he Keating energy/day, h is an average heating rate of the 
formation, ^ is formation bulk densi^; and wherein the heating rate is less than about 10 
15 °C/day. 

1068. The method of clairr/1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 1 069. The methocf df claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portio^of the selected section is greater than about 0.5 W/(m °C). 



1070. /The method of claim 1058, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 




1071. The method of claim 1058, wherein the produced mixture comprises condensable 
h ydrocar batt^-gmt l - where i n abo ut 0. 1 % hv ivni^lil. l o ahn uU 5 %_hv_weight of the 
condensable hydrocarbons are olefins. 
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1 072 . The method-of^lafflrf^ non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to aboutT5sJK> by weight 
of the non-condensable hydrocarbons are olefins. 



1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein th^/ratio of ethene to 
ethane is greater than about 0.001 . 



10 1 074. The method of claim 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1075. The method of claim 1058, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less thafn about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydjxfcarbons is oxygen. 

1076. The method d/claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, andwherein less than about 1 % by weight, when calculated on an atomic 

20 basis, of the condensable hydrocarbons is sulfur. 



25 



1077. /The method of claim 1058, wherein the produced mixture comprises condensable 
hydj^ocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

^drocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



30 



1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 



hydrocarbons are aromatic compounds. 
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hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, amHvherefa^less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalter 

1081. The method of claim 1^8, wherein the produced mixture comprises condensable 
hydrocarbons,! and wherein ab<^5 % by weighj/to about 30 % by'weight of the 
condensable hydrocarbons are 

1082. The methocKjf claim lo)58, wherein the prockiced mixture comprises a non- 
condensable component, wherein the non-condepsable component comprises hydrogen, 
wherein the hydrogen is greater than about \Q>% by volume of the non-condensable 
component, and wherein the hydrogen i^ess than about 80 % by volume of the non- 
condensable component. 

1083. The method of claim L058, wherein the produced mixture comprises ammonia, 
and wherein greater than aBout 0.05 % by weight of the produced mixture is ammonia. 

1084. The methocLof claim 1058, wherein the produced mixture comprises ammonia, 
and wherein the ^gmmonia is used to produce fertilizer. 

1085. Th^method of claim 1058, further comprising controlling the pressure within at 
least a n^ajority of the selected section of the formation, wherein the controlled pressure 
is at l^ast about 2.0 bar absolute. 



1086. N <Qiemethod of claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressuieof H2 
within the mixture is greater than about 0.5 bar. 
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1 &87T~TKe method of claim 1086, wherein the partial pressure of Hris-measured when 
the mixture is at a production well. 

1088. The method of claim 1058, wherein controlling formation conditions comprise 
recirculating a portion of hydrogen from the mixture into the formation. 



1089. The mettfod of claim 1058, further comprising: 

providing hydrogen (H^) to the heated section to hydrpgraate hydrocarbons 
within the section; andvi 



of the section /with heat from hydrogenation. 




healing a portio 



1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensaok^iy$kx>carbons, the irfethod further comprising hydrogenating a portion of 
the produced condensable hydnx^arbons with at least a portion of the produced hydrogen. 



1091 . The method ofplaim 1058, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1092. Jlie method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1093. The method of claim 1058, further comprising controlling the heat to yield greater 
?5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1094. The method of claim 1058, wherein producing the mixture comprises producing- 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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109^-JTh^^ comprising provTdingTT&at-#Q^ or more 

heat sources to at least a portion of the formation, wherein three or more of the he5t 
sources are located in the formation in a unit of heat sources, and wherein the unit of h^at 
sources comprises a triangular pattern. 
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1096. The method of ctetfrHIlS^further comprising providing heat from three^r more 
heat sources to at leq^t a portion of the formation, wherein three or more of^me heat 
sources are located^ in the formation in\a unit of heat sources, wherein tife unit of heat 
sources comprises a triangular pattern, and wh^rdn a plurality ofjhe units are repeated 
over an area of tie formation tb form ajrepetitive pattern of ufffts. 




1097. A method df4reating a coal formation in siUtf comprising: 
providing heat from one or more heat sprfrces to at least a portion of the 

formation; 

allowing the heat to transfer fiyifi the one or more heat sources to a selected 
section of the formation; and 

producing a mixture frofh the formation, wherein the produced mixture comprises 
condensable hydrocarbons/and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the condensable hydrocarbons are olefins. 

1098. The method of claim 1097, wherein the one or more heat sources comprise at 
least two heaysources, and wherein superposition of heat from at least the two heat 
sources pWolyzes at least some hydrocarbons within the selected section of the 
formation. 

1099. The method of claim 1097, wherein the one or more heat sources c omprise 
elect 



1 100. The method of claim 1097, wherein the one or more heat sources comprise 
30 surface burners. 
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1 101^ T^T if f mnthnH nf nlmm 1 007 whorain the ore 

flameless distributed combustors. 



IQreheat sources comprise 



1 102. The method of claim 1097, wherein the one or more heat sources comprise natura 
5 distributed combustors. 



1 103. The method of claim 1097, further comprising controlling a pressure apa a 
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temperature within at least 
the pressiire is controlled as 
a functiop of pressure. 

1 1 04. The method of claim 
maintaining the temperature 
range. 



majority of the selected section of the formatj*m, wherein 
\function of temperature, or the temperatare is controlled as 



10^7, wherein controlling the temperature comprises 
withiiHhe-sdected section/within a pyrolysis temperature 
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1 105. The methoaofclaim 1097, further comprising controlling the heat such that an 
average heating rate of the selected sectjdn is less than about 1 °C per day during 
pyrolysis. 

1 106. The method of claim / l / 697, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a seleefted volume (V) of the coal formation from the one or more heat 
sources, wherein^ne formation has an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at l^ast some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherejn Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
fdrmation, p B is formation bul k densit y , nr^ wh^rHri fh^^rtw isjggg than about 1 0 
°C/dayT 
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1 1 07. The method o f claim 1097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1 108. The method of claim 1097, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m { 

1 109. The fnethoa\)f claim 1097, wherein the produced mixti^e comprises condensable 
hydrocarbons having afcjfy\PI gravity of at least about 25°. 



1110. The Method of c 
hydrocarbons\and whei/ein kbout 0.1 % by 
condensable hyar<jcaji(ons are olefins 



ai^i 1097, wherein the produced mixture comprises condensable 
weigM to about 1 5 % by weight of the 



1111. The method of claim 1 097, wherein the produced mixture, comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1112. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarb6ns, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater man about 0.001. 



1113. Thomethod of claim 1097, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis 5/ of the condensable hydrocarbons is nitrogen. 
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1 1/14. The method of claim 1097, wherein the produced mixture comprises condensable 
^drocarbons, and wherein less than about 1 % by weight, when calculated on a n atom ic 
b&sis, of the condensahleJiydFecaTD^ns is oxygen. 
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1115. The method of claim 1097, wherein the produced mixture comprises condensable 
•hydrocarbons, and wherein less than about r%4^y^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1116. The method of claim 1097, wherein the produced mixture comprises condehsable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensate 
hydrocarbons^omprisTo containing compounds, and wherein the oxygen 
containing/compounds comprise phenols. 



1117. Tjhe method of 
hydrocarbons, and whe 
hydrocarbons are aromatic compounds 





wherein the/produced mixture comprises condensable 



1 20 % by weight of the condens; 




1118. The nte£hod of cjfeim 1097, wherein the produced mixtae*comprises condensable 
hydrocarbons, ancTxvfterein less than about 5 % by weightof the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1119. The method of claim 1097, whereir^the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 120. The method of claim ^097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1121. The method of claim 1097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wlierein the hydrogen is greater than about 10 % by volume of the non-condensable 
.component, and wherein the hydrogen is less than about 80 % by volume of the non- 
Widensable component. 
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1 122. The metheehrftTalm 1097, wherein the producedlnixture-coinprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture isahimonia. 

1 123. The method of claim 1097, wherein the produced mixture comprises amijronia, 
5 and wherein the ammonia is used to produce fertilizer. 



10 



1124. The 
least a majo 




claim 1097, further comprising controlling a [pressure within at 



ty of the selected section of the formation, wherepfthe controlled pressure 



is at least about 2.0 liar absolute. 



cf 



1125. Theiftethod 
produce a mi^ure of conderti 
within the mix 



im 1097, further compjasing controlling formation conditions to 
able hydrocarbons and H2, wherein a partial pressure of H2 
greater than aboutXo bar. 



15 1 126. The method of claim 1 126, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1 127. The method of claim 1097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. 

1 128. 'Die method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

25 1 1£9. The method of claim 1097, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
ithin the section; and 



heatinga portion of the section with heat from hydrogenation. 
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1 130. The methodjo£etaifirrU97, wherein the produce3TrrixtttFe^omprises hydrogen 

Jriclensable hydrocarbons, the method further comprising hydrogenatihg^a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1 097}\wherein allowing the heat to transfer comprises 
increasing a permeability |of a majority of the selected section to greater than ^out 100 
millidarcy. 



1 132. Thi method of claim 1097, wherein allowing the heat to tadnsfer comprises 
substantialljs^ifoimly increasing a permeability of a majorhyof the selected section. 

1 133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, ^ria wherein at least about 7 heat sources are disposed in 
the formation for each product 




1 135. The method of^laim 1097, further comprising providing heat from three or more 
heat sources to at l^Tst a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources conwises a triangular pattern. 



1 13,6,/The method of claim 1097, further comprising providing heat from three or more 
sources to at least a portion of the formation, wherein three or more of the heat 
furces are located in the formatio n in a unit of heat sources, where in the unit of heat 
s^urces-eempmes a X^^^mj^sxxL^ mA wh e rein a plurality of the unit s are repeats 
over an area of the formation to form a repetitive pattern of units. 



1 1 37. A met hcui^tfeatTTrg a coaTformation in situ, comprising: 
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heating a sect ion of the formation to a pyrolysis tem perature from at least a first 
heat source, a second heat source and a third heat source, and wherelnTlTeiifsUieat 
source, the second heat source and the third heat source are located along a perimeter^f 
the section; 

controlling heat input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce admixture , 
from the formation with an olefin content of less than about 15% by weight < 
condensable fluicisjon a dry basis) within the produced mixture; and 

prodiicing the mikt^ire from the formation through a production well. 



1138. The 
source, sec 
within the 



method of claim 1 137, wherein/superposition of heat form the first heat 
heat source, ahd^thirdjxem source pyrolyzes a portion of the hydrocarbons 
lation to fluids f 




1 139. The method oi claim 1 137, wherein the pyrolysis temperature is between about 
270 °C and about 400 °C / 



1 140. The method of claim 1137, wherein the first heat source is operated for less than 
about twenty four hours a day. 

1 141 . The method of claim 1 137, wherein the first heat source comprises an electrical 
heater. / 

/ 

1 142. The method of claim 1 137, wherein the first heat source comprises a surface 
burner. /' 



1 143. The method of claim 1137, wherein the first heat source comprises a flameless 

distributed combustor. 

/ 

/ 

/l 144. The method of claim 1 137, wherein the first heat source, second heat source and 
\Wrd heatsour££^©-po5iTtone^ at apexes of an equilateral triangle^ 
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1 145. li£j»atho3*orclaim 1137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 



5 1 146. The method of claim 1137, further comprising a fourth heat^ource, fifth heat 
source, and sixth heat source located along the perimeter of the section. 



10 



1 147. The method of claim 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. 

1 148. The method oSclaim 1 147, wherein the p^duction well is located substantially at 
a center pf the hexagor 



|ESKS 



1 149. The\method of cjlaim 1 13\7, further/fcomprising controlling a pressure and a 
15 temperature Within at l^ast a majority of the section of the formation, wherein the 

pressure is controlled as a function oftemperature, or the temperature is controlled as a 
function of pressure. 

1 150. The method of claim 1437, wherein controlling the temperature comprises 
20 maintaining the temperature within the selected section within a pyrolysis temperature 

range. 



25 



1151. The method^f claim 1137, further comprising controlling the heat such that an 

/ 

average heating rate of the section is less than about 3 °C per day during pyrolysis. 



1 152. The/method of claim 1137, further comprising controlling the heat such that an 

/ 

average heating rate of the section is less than about 1 °C per day during pyrolysis. 



1 1 53/ The method of claim 1137, wherein providing heat from the one or more heat 
30 sources to at least the portion of formatic 
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heating^eleGt^valirrneX^T^i the coal formation trom the~or 



lore heat 



sources, wherein the formation has an average heat capacity (C v ), and wherein the nteating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation:/and 

wherein heating energy/day provided to the volume is equal to or less tjacan Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *D# 

wherein Pwr as the heating ^fenergy/day, h is an average hating rate of the 
formation, p B is formation b^lk density^and wherein the heating rate is less than about 10 
°C/day. 



1 154. The method of claim 



137, wherein he^fing the section of the formation 



comprises transferring heat yubstantially ^conduction. 

1 155. The method of claim 1 137,/vherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0,5 W/(m °C). 



20 



1 156. The method ofrclaim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 1 15# The method of claim 1137, wherein the produced mixture comprises non- 
caddensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
iondensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 
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1159. ITiejiiethodr^f^teiT^ condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculafeSn&fi^n atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 160. The method of claim 1137, wherein the produced mixture comprises condensabfe 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an jjtomic 
basis, of the condensable hydrocarbons is oxygen. 



i_J! 
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1161. The method of claim 1137, wherein the produced mixture cpmprises condensable 
10 hydrocarbons^idwherein lessxthan about 1 % by weight, wh^rfcalculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

1 162. The method of claim \ 137, wherein the prtfciuced mixture comprises condensable 
hydrocarbonk, wherein about '5^% by w^ightk^about 30 % by weight of the condensable 

15 hydrocarbons\comprise oxygen comSlflng compounds, and wherein the oxygen 
containing compounds compr ise phenols. 

1 163. The method o¥^lakfi / H37, wherein the produced mixture comprises condensable 
hydrocarbons, and wherejrfi greater than about 20 % by weight of the condensable 

20 hydrocarbons are aronfatic compounds; 
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1 164. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbon^ and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 165/ The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 166. The metho d of claim 1 137, wherein the produ ced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weiEttt-ei-tHe 
condensable hydrocarbons are cycloalkanes. 




1 167. The method of claim 1 137, wherein the produced mixture comprises a^non- 
condensable component, wherein the non-condensable component comprises hydrogep^ 
wherein the hydrogen is greater than about 10 % by volume of the nafi-condensable 
component, and wherein thejiydrogen is less than about 80 ^by volume o£the non- 
condensable component. 

1 168. The method of clairi > Kn7, wherein the Deduced mixture comprises ammonia, 



and wherein greater than al 



out 0.05 % by weight of the produced mixture is ammonia. 



1169. The method of a laim 1137, wjrerein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 170. The method of claimr 1 137, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1171. The memod of claim 1137, further comprising controlling formation conditions to 
produce a mbuure of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the/mixture is greater than about 0.5 bar. 

1 172/ The method of claim 1171, wherein the partial pressure of H2 is measured when 
the' mixture is at a production well. 



1 173. The method of claim 1 137, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the fo rmation having ca rbon 
numbers greater than ; 
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^method of claim 1137, wherein controlling formation contfttrons-wmprises 
recirculating a portion of hydrogen from the mixture into the formation. 



® 



o 

i: 
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1 175. The method of claim 1 137, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating aix>rtion ctf the section with heat from hydrogenatiefn. 



1176. The 
and condensab 
the produced c 



mefthod of claiii\l\137, wherein the producedrjalxture comprises hydrogen 
e hydrocartion^the method further comprising hydrogenating a portion of 
lydroc&rbons with at lea^t a portion of the produced hydrogen. 




1 1 77. The method 01 claim 1137, heating tne section comprises increasing a 
permeability of a majority of the sectioryfo greater than about 100 millidarcy. 

15 

1 178. The method of claim 1 137/wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 

1 179. The method of clmm 1 137, further comprising controlling the heat to yield greater 
20 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 1 80. The method of claim 1137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1 181/ The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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1 1 82. The method of claim 1137. fu rthe r com posin g - p rov iding hea t f rnrrU hree or m ore 
leat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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1 183. A methefd of treating a coal formation in situ, comprisir 
providing heat from o^e or more heat soyrces to apJ^ast a portion of the 

formation; 

allowing the heat to transfer from the onp'or more heat sources to a selected 
section o 'the formation; and 

producing ajnixture from the fcrfnation, wherein the produced mixture comprises 
condensablefiyHrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1 184. The method of claim 1 183, wherein the one or more heat sources comprise at 
least two heat source^, and wherein superposition of heat from at least the two heat 
sources pyrolyze^at least some hydrocarbons within the selected section of the 
formation. 

1 1 85. The method of claim 1 1 83, wherein the one or more heat sources comprise 
electrical heaters. 



[86. The method of claim 1 1 83, wherein the one or more heat sources comprise 
25 / surface burners. 

1 1 87. The method of claim 1183, wherein the one or more heat sources comprise 
flameless distributed combustors. 



30 1 1 88. The methad-ofddSrTT83, wherein the one or more heat sources comprise natural 
distributed combustors. 
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^ 1 1 89. Thgj iL£lbe4-ef 1 cfaiT U 1183, furiliei luiii p m jflg-con^llin^ a pressure and a 
temperature within at least a majority of the selected section of the formalfefH^jvherein 
the pressure is controlled as a function of temperature, or the temperature is controllers 
a function of pressure. 
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1 190. The method of claim n89^-wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis^emperature 
range. 



1 191. The method of claim 1 183, ffifl^ier^^ the heat such that an 

average heating rate <^f the selected section is less th^n about 1 °C per day during 
pyrolysis. 

15 1 1 92. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 

/ 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
20 wherein heatihg energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = A*F*C V *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
25 °C/day. 



^193. The method of claim 1 183, wherein allowing the heat to transfer comprises 
transfe rring heat substantially by conduction : . - 
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1 194. Jie^netKoHof claim 1 183, wherein providing heat from the one or mor&^heat 
sources comprises heating the selected formation such that a thermal conductivity j&f at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



1 195. The method of claim 1 183, wherein the produced mixture coipfmses condensable 
hydrocarbons hp^mg^an API gravity of at least about 25°. 

1 1 96. The m sthockof claim 1183, wherein the produced Kfiixture comprises condensable 



hydrocarbons 



and 



^rein aboufU 1 % by weight to about 1 5 % by weight of the 



condensable hydrocarbons are olefins. 

1 197. The method^of claim 1 183, wherein/fhe produced mixture comprises non- 
condensable hydrocarbons, and whereir^about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1 198. The method of claim 1483, wherein the produced mixture comprises non- 
condensable hydrocarbons/ wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarhwis is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 




1 199. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, ,of the condensable hydrocarbons is oxygen. 



00. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1201. The method of claim^Xl^^vfeerOT me produced mixture comprises condensabte" 
hydr QcafboflST^erein about 5 % by weight to about 30 % by weight of the condensable 
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-kyriror^W" 5 -* 3 ^ 1 ^ nvygpn mntflining compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 



1202. The method of claim 1 183, wherein the produced mixture compp^es condensable 
hydrocarbons, and wjiecein greater than about 20 % by weight of thexondensable 



hydrocarbons are 



omatic cpbipounds. 



1203. The methofl of claim 1 183, whefein the producecunixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises muKi-ring aromatics witn more than two rings. 
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1204. The method of claim 1 1 83, wherein'xhe produced mixture comprises condensable 
hydrocarbons, and wherein less than atjout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1205. The method of claim J/1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein^about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

20 1206. The method of claim 1 1 83, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component^and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1207. The method of claim 1 1 83, wherein the produced mixture comprises ammonia, 
id wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1208. The method of claim 1183, wherein th e produced mixture comt 
and wherein the ami»eiwaTruse3^^roduce fertilizer. 



ammonia, 
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1209. The meJhad-efrt!umTX83, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1210. The method of claim 1 183, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partiaj^pressure of H 2 
within the mixture is greater than about 0.5 bar. 



u 

~'T. 

o 

r ; 



10 



15 



20 



1211. The method ofcISi^^21 1 , wherein the partial pressure of H 2 is measured when 
the mixture is at a/produption well. 



1212. The method^of claimNn^S^Ly-fefther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons fromjhe formation having carbon 
numbers greater than about 25] 



1213. The method of claim 1183, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen fronvtt^mixture into the formation. 

1214. The method of claim 1 1 83, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the^section with heat from hydrogenation. 



1215. The method of claim 1 183, wherein the produced mixture comprises hydrogen 
25 and condensable hyc^ocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1216. The njethod of claim 1183, wherein allowingjh comprises 

ie selected section to greater than about 100 

millidarc,^. 
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121^-^Fhemethod of claim! 1 83, wherein allowing the heaTRrtFanster^ompnses 
substantially uniformly increasing a permeability of a majority of the selected section. 
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1218. The method of claim 1 1 83, further comprising controlling thp^ieat to yield greater 
5 than about 60 % b/weight of condensable hydrocarbons, as measured by Fischer Assay. 
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a producer 
or each prod! 




1219. The method of\\jlaim 1 183, wherein producing the mixture comprises producing 
the mixture in 
the formation 



erein at/Ieast about 7 heat sources are disposed in 



1220. The method ofclaim 1 1 83, fimher comprising providing heat from three or more 
heat sources to at least a portion,^ the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1221 . The method^f claim 1 1 83, further comprising providing heat from three or more 
heat sources to aft least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over anitrea of the formation to form a repetitive pattern of units. 

12/2. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis ^f the conde nsahlfLtodrocarbons is oxvpen.^ 
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1223T~TKe method of claim 1222, wherein the one or-morsjieat sources comprise at 
least two heat sources, and wherein superposition of heat from at leastthe^wo heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1224. The method of claim 1222, wherein the one or more heat source§^5omprise 
electrical heaters. 



1225. The method 
10 surface burners 




or more^heat sources comprise 



1226. The method of claim 1222, wherein the/5ne or more heat sources comprise 
flameless distributed combustors. 

15 1227. The method of claim 1222, Ayfierein the one or more heat sources comprise natural 
distributed combustors. 

1228. The method of clajm 1222, further comprising controlling a pressure and a 
temperature within at teast a majority of the selected section of the formation, wherein 
20 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1229. Th^ method of claim 1228, wherein controlling the temperature comprises 
maintairnng the temperature within the selected section within a pyrolysis temperature 
25 rang/ 



n230. The method of claim 1222, further comprising controlling the heat such that an 
average heating rate of the selected section is less thanabout,L?C-per'day'during" 
pyrolysis. 
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123 1 . The method of claim! 222 n wherei n providing heat from the one or more heat 
sbwees^Tarieastthe portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heatfng 
pyrolyzes at least some hydrocarbons within the selected volume of the formatiom'and 

wherein heating energy/day provided to the volume is equal to or less^tnan Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

whei'ein PwHs the heating energy/day, h is an average he&ting rate of the 
formatio^, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1232. the methoaVof claim 1222, wherein allying the heat to transfer comprises 
transferring heat substantially by conductior 



1233. The method of claim 1222, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sectimi is greater than about 0. 5 W/(m °C). 

1234. The method o^claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1235. The/method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



[236. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbon^^^ 0, 1 % h y-j&eighUo^bout 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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1237. The method of claim 1222, wherein the produced mixture comprises non- 
Qondgnsahloiiyd f ocarbons, wherein a molar - ra tio o f ^heneJsLgthane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio ofethene to 
ethane is greater than about 0.001. 

1238. The method of claim 1222, wherein the produced mixture comprises conaensable 
hydrocarbons, and wjiereki less than about 1 % by weight, when calculated qn an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1239. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis, of tl 



e condensable hydrocarbons is oxygen. 



1240. Th&m§*hod of claim 1222, wherein the produced inixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by we^ht, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1241. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % b\>weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen^ontaining compounds, and wherein the oxygen 
containing compounds comj5rise phenols. 

1242. The method'of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbonsy^nd wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1243/ The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hyHrnr^Qnq rnmpriqpg multi-ring aromatics wi th more than tWO rings. 
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1244. The method nf cl aim 1 999 wh erein the prod uced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weightoHRelrondeiisable 
hydrocarbons are asphaltenes. 



iG 



1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight^pf the 
condensable / hydrocarbons are cycloalkanes. 

1246. The method oficlaiiiLl2327wherein the produced rmxture comprises a non- 
10 condens: ible component, wherein the non-condensable exfrnponent comprises hydrogen, 

wherein the hydrogen is greater than about 10 % by/volume of the non-condensable 
componerk^d^nerein the hydrogen is less th^n about 80 % by volume of the non- 
condensable component. 

15 1247. The method of claim 1222, wKerein the produced mixture comprises ammonia, 
and wherein greater than about O.Qo % by weight of the produced mixture is ammonia. 



□ 
s 

m 

'i 



20 



1248. The method of claina 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majorit/of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 1250/ The method of claim 1222, further comprising controlling formation conditions to 
profluce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
thin the mixture is greater than about 0.5 bar, . — - 



1251. The method of claim 1250, wherein the partial pressure of H 2 is measured when 
30 the mixture is at a production well. 
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■t25Z! Hie method of claim 1222, further comprising altering a pressure 
formation to inhibit production of hydrocarbons from the formation havir 
numbers greater than about 25. 



5 1253. The method of claim 1222, wherein controlling forafation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



10 



1254. The n^ethod^of claim 1222, further comprising: 



prov 
within the s 
heat 



ding hydrogen (H 2 ) to the heate^rsection to hydrogenate hydrocarbons 
ction; 

ng a po^iorTrrfth^sectiony^ith heat from hydrogenation. 




15 



1255. The met^ocj/of claim 1222; wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons/the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



Q 

3=3 2 

O 
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1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1257. The memod of claim 1222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1258. The method of claim 1222, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



1259./ The method of claim 1222, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the f )rmation for each production well. 
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1. 760 T he metho d of Hnim 1 ill furt her rnmp risinp p rov iding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unjl'of heat 
sources comprises a triangular pattern. 



1 26 1 . The method of claimNJ 222, further comprising providing h^at from three or more 
heat sources to at least a portion of the formation, wherein thr^e or more of the heat 
sources are loc ited in the formation in a unit of heat sources, wherein the unit of heat 



sources compr ses a triangu 
over an area of\the formati 




ttern, and^wherein ^plurality of the units are repeated 
n to form a repetitive/pattern of units. 



1262. A method b£trpating a coal formation in situ, comprising: 

providing heat from one or morp4ieat sources to at least a portion of the 
formation; 

allowing the heat to transfj^ from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture fifom the formation, wherein the produced mixture comprises 
condensable hydrocarbons/and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of thef condensable hydrocarbons is sulfur. 



1263. The method pf claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyz^s at least some hydrocarbons within the selected section of the 
formation. 

1264. Tne method of claim 1262, wherein the one or more heat sources comprise 
electricafl heaters. 



1 263 . The method^ofxlaim 42G2, w herein ihe one or more heal suui ces- eompris c — * 
surmc^Buniers. 
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4 266. T he method or claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1267. The method of claim 1262, wherein the one or more heat sources comg^se natural 
5 distributed combustors. 



10 



1268. The method of claim 1262, further comprising controlling ^pressure and a 
temperature witjiin at least aWajority of the selected section of me formation, wherein 
the pressure iycontrolled as a function of temperature, or thytemperature is controlled as 
a function of pressure. 



15 



20 



25 



30 



1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining theX^mperatyre within the selectec^ection within a pyrolysis temperature 
range. 

1270. The method of claim 1262, fucfner comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1271 . The method of clai^i 1262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein/fhe formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
whereityfVr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
fc^ation^jj^jiihrm and wherein the heating rate is less than about 10 

°C/day. 
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*<L 277 The methnrL xifcftUim-4^^^ The hear to transfer comprises 

transferring heat substantially by conduction. 



10 



1273. The method of claim 1262, wherein providing heat from the one ormore heat 
sources comprises hea*ftigThev§elected formation such that a thermal cx&ductivity of at 
least a portion of the selected Sectibn is greater than about 0.5 W/£m °C). 



1274. Themethor 
hydrocarbons havi 




of claim 1262j, 

API gravity of at least about 



the produced inixture comprises condensable 




1275. The method of claim 1262, wherein the jtfroduced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by y/eight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



□ 



15 1276. The method of claim 1262,ywherein the produced mixture comprises non- 
condensable hydrocarbons, and vvherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1277. The method of claim 1262, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater Jman about 0.001 . 

1278. The method of claim 1262, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of me condensable hydrocarbons is nitrogen. 



30 



1279./ The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
hasfc^frfahe condensable hydrocarbons is oxygen. 
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1 ?nO Thr mrthTTriTrr "him 1 f| fT\ wherein the produced mixture comprises condensata 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the conder^able 
hydrocarbons comprise oxygen containing compounds, and wherein the oxyg^ 
containing compounds comprise phenols. 



1281 . The method of claim 1262, wherein the produced mixturexx>mprises condensable 



m 



o 

O 

III 
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15 



hydrocarbons, an< 
hydrocarbons 



erein greater than about 20 % by weigjrfof the condensable 
atic compounds. 




20 



1282. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, Hpd ^herein less than about 5jfo by weight of the condensable 
hydrocarbons comprises multi-ring aromarics with more than two rings. 

1283. The method of claim 1262, xvherein the produced mixture comprises condensable 
hydrocarbons, and wherein less^nan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ 

1284. The method of daim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydroe^arbons are cycloalkanes. 



25 



1285. The method of claim 1262, wherein the produced mixture comprises a non- 
condensable/eomponent, wherein the non-condensable component comprises hydrogen, 
wherein th/t hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



128b. The method of claim 1262, wherein the produced mixture comprises ammonia, 
ana wherein greater than apou t 0.05 % by weight of the produced mixture is a mm onig . 
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and wherein the ammonia is used to produce fertilizer. 



1288. The method of claim 1262, further comprising controlling a pressure withifi at 
least a majority of the selected section of the formation, wherein the controller pressure 
is at least about 2.0 bar absolute. 

1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mi^ure^^ hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1290. The method of y6laim 1289, wherein the/partial pressure of H 2 is measured when 
the mixture is at a production well. 



1291 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production^! hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1292. The method of/claim 1262, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1293. The^rp^thod of claim 1262, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1^94. The method of claim 1262, wherein the produced mixture comprises hydrogen 

d condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced^eiuidensablFTiyarocarbons with at least a portion of the produceSliydrageftr- 



399 



Conley, Rose & Tayon, P.C. 



45 95. TlftH nethod oi claim 1262, wherein allowing the heat to tfansferxompris 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



5 1296. The method of claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



Serf 

*3 
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1297. The method of claim 1262, further comprising controlling the heat to yield greater 
than about 60 % by weigjafo^condensable hydrocarbons, admeasured by Fischer Assay. 



1298. The method of 
the mixture in a produd 
the formation for each p 




, wherein producing the mixture comprises producing 
wherein at j^ast about 7 heat sources are disposed in 
tion well. 



5 

: 3 

S! 
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15 1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular jpfattern. 

20 1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least /portion of the formation, wherein three or more of the heat 
sources are located hi the formation in a unit of heat sources, wherein the unit of heat 
sources comprises4 triangular pattern, and wherein a plurality of the units are repeated 
over an area ofyrfie formation to form a repetitive pattern of units. 

25 

1301 . A qaethod of treating a coal formation in situ, comprising: 

rafising a temperature of a first section of the formation with one or more heat 
source? to a first pyrolysis temperature; 

heating the first section to an upper pyrolysis temperature, wherein heat is 
30 supffireritn the firsrKecttfm-«4-^ate_c nn figured to inhibit o lefio^yftd^erief^ h 
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^-^proaucing a first mixture from the formation, wfrerem-thp tir.st mixtiirecomprises 
condensable hydrocarbons and H2; 

creating a second mixture from the first mixture, wherein the second mixti 
comprises a higher concentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with on^6r more heat 
sources to a second pyrolysis temperature; 

providing a portion of the second mixture to the second sepfion; 

heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

produ*fing a thihi mixture from the second section. 



1302. 



ie method of 



1301^wherein creating the second mixture comprises 



removin 



ing condensable hydrocarbons from the first mixture. 



15 1 303. The riietftod of claim 1301, wherein creating the second mixture comprises 
removing water from the first mixture. 



m 
5=* 



1304. The method of claim 1301, wherein creating the second mixture comprises 
removing carbon dioxide fro/n the first mixture. 

20 

1305. The method of cl/im 1301, wherein the first pyrolysis temperature is greater than 
about 270 °C. 

1306. The method cp claim 1301, wherein the second pyrolysis temperature is greater 
25 than about 270 °Cy 

1307. The njethod of claim 1301, wherein the upper pyrolysis temperature is about 500 
°C. 



30 1308/ The method of claim 1301, wherein the one or more heat sources comprise at 
leg# two heat sources, a nd wher e in siip ^ rp p rfri'm n f h a nt fr^r* twr> hra! 
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1309. The method of claim 1301, wherein the one or more heat source^omprise 
5 electrical heaters. 

1310. The meJh63~o%laim 1301, wherein the one or mc^heat sources comprise 
surface burners. 



10 1311. The method of <{laiih4 10L whe 
flameWss distributed t/ombustors. 



fane or more heat sources comprise 
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1312. \The methqp of claim 1301, vyherein the one or more heat sources comprise natural 
distributecTfcotribustors. 

1313. The method of claim4 30 1 , further comprising controlling a pressure and a 
temperature within at lea^i a majority of the first section and the second section of the 
formation, wherein the^pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The njethod of claim 1301, further comprising controlling the heat to the first and 
second sections such that an average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 

1 3 Is. The method of claim 1301, wherein heating the first and the second sections 
comprises: 

/ heating a selected volume (V) of the coal formation from the one or more heat 
/ sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein/ yr is calculated hy the equation: _ - 
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wherein Pwr is the heating energy/day, h is an average fieaHng 
formation, p B is formation bulk density, and wherein the heating rate is less than about jj 
°C/day. 



1316. The method of claim 1301, wherein heating the first and second^e ctions 
comprises transferring heat substantially by conduction. 




10 



1317. The method o 
comprises heating tl 



a portioi 



claim 1301, wherein heating the first^hd second sections 

first and second sections such that/a thermal conductivity of at least 



of the fi/st anasecond sections is greater thmi about 0.5 W/(m °C). 



U 15 
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1318. The method of claim 1301, wherein th£ first or third mixture comprises 
condensable hydrocarbons having an API/gravity of at least about 25°. 

1319. The method of claim 1301 /wherein the first or third mixture comprises 
condensable hydrocarbons, and'wherein about 0. 1 % by weight to about 15 % by weight 
of the condensable hydrocapoons are olefins. 

1320. The method ofclaim 1301, wherein the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1321 . The method of claim 1301, wherein the first or third mixture comprises 
25 condensabfe hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1322. / The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % Dy^ 
30 on an atomic basis, of the condensable hydrocarbons is oxygen. 
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1323, — The method of claim 1301 ^diereiiUheji^ third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by^Hpitrv^FM^lciilated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



1 324. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by wjrfght of the 
condensable hydrocarbons comprise oxygen containing compounds, and^wierein the 
oxygen containing compounds comprise phenols. 



1 , wherein the first or third pnxture comprises 




1325. The method of claim 11 
condensable hydrocarbons, an 
condensable hydrocarbons are 



^wherein greater than abojn 20 % by weight of the 
aromatic compoi 



1326. The method bf^krfm 1301, wherein theiirst or third mixture comprises 
condensable hydrocarbons, and wherein less/than about 5 % by weight of the 
condensable hydrocarbons comprises muld-ring aromatics with more than two rings. 

1327. The method of claim 1301, Wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are^sphaltenes. 

1328. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocaftons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 



1329. The/method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensaMe component and ^here iirdieiiydrQge^ is l e ss t h airaboui 80 % by volume of 
the non-condensable component. 
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1^33ILJIl^-metiToaof claim 1301, wherein the first or thiraTmxtur^compnses ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture isamF 



1331. The method of claim 1301, wherein the first or third mixture complies ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1332. The method of claim 
least a majority pf the first 
pressure is at least about 2.0 



1301, further comprising controlling^ pressure within at 
cond sections of the formation, wherein the controlled 
bar absolute. 



1333. The method of clami 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1334. The method of claim 1333, wherein the partial pressure of H2 within a mixture is 
measured when the mixture is at ^production well. 



1335. The method of claipi 1301, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater tharyabout 25. 



1336. The mernod of claim 1301, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion of the first or second section with heat from hydrogenation. 



1337. The method of claim 1301, further comprising: 

producing hydrogen and iconderisabl§4*ychxf^^ the formation; and 

Snafinga portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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133iL--43ie-fttetta^ of a 

majority of the first or second section to greater than about 100 millidarcy. 



1339. The method of claim 1301, further comprising substantially uniformly increasing 
5 a permeability of a majority of the first or second section. 



10 



1340. The method of claim 1301, wherein the heating is controlled to yield^reater than 
about 60 % by^eight of condensable hydrocarbons, as measured by F^cher Assay. 



1341. Th 
producing 



sources are disposed in tl 



method of ch\m lboi, wherein producing the fir^or third mixture comprises 
the first or thirdVnixture in a production well, a*id wherein at least about 7 heat 



e rbrmation for each production well. 



1342. The mfetijod jjf claim 1301, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in g/unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



O 



1 343. The method of claim y&OX , further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a^friangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 1344. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

sectii 

30 producing a mixture from the formation; and 
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hydrogenating a portion of the produced mixture with H 2 produced from the 
formation. 

1345. The method of claim 1344, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes a^ea^t some hydrocarbons within the selected section of the 
formation. 



O 

.S3. 



1346. The method of 
10 the selected section wit! 



aim 1344, further comprising maintaining a temperature within 
a pyrolysis temperature range. 



1347. The method of claim 1344^ wherein the one or more heaj/^burces comprise 
electrical heaters. 

15 1348. The method of claim 1344, wherein the on©^or more heat sources comprise 
surface burners. 



n 
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1349. The method of claim 1344, wj^rein the one or more heat sources comprise 
flameless distributed combustors. 

1350. The method of cl^im 1344, wherein the one or more heat sources comprise natural 
distributed combustors: 



1351. The method of claim 1 344, further comprising controlling a pressure and a 
25 temperature^within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



552. The method of claim 1344, further comprising controlling the heat such that an 
30 / average heating rate of the selectedjgctio»4s4es5^ 
joolysis^ 
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13 53. The method of claim 1344, wherein j>r oviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one ornTtrreJieat 
sources, wherein the formation^as^i^verage heat capacity (C v ), and wherein the heatl? 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day Iprovided to the volume is equal to or less than P> 
wherein Pwr is calculate^ by the elation: 

Pwr = h*V*C v *p 

wherein Pwr is ttte heatirfg energy/day, h is an average h^atfng rate of the 
formation, p B is foniiatioirbulK density, and wherein the h^afing rate is less than about 10 
°C/day. 



y 



1354. The method of claim 1344, wherekfallowing the heat to transfer comprises 
15 transferring heat substantially by conduction. 

1355. The method of claitfi 1 344, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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1356. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1357. The method of claim 1 344, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 

1358. Vhe method of claim 1344, wherein the produced mixture comprises non- 
COndensabfe^m drocarbons, and wh^ rg in a m nlnr rntin nf - rthcncAo ethane in tho nnn 

30 condensable hydrocarbons ranges from about 0.001 to about 0.15. 



Conley, Rose & Tayon, P.C. 



1659: — The method ot claim 1344, wherein the produced mixrurexomprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an at^Sfric 
basis, of the condensable hydrocarbons is nitrogen. 
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1360. The method of claim 1344, wherein the produced mixture comnpfses condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable4iydrocarbons is oxygen. 



1361. The method of claim 1344, wherein the produced niixture comprises condensable 
hydrocarbons, and wheroin less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1362. The method ofelaim 1344, wherein tHe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weignt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1363. The method of claijii 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 



1364. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



565. The method of claim 1344, wherein the produced mixture comprises condensable 
(hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
nVdrorarbons nrp nsphnltem 3 ^- ■ 
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1 366. The method of Haim H44 | wherein the prod uced mint i m ? romp risps condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



1367. The method of claim 1344, wherein the produced mixture comprises a non? 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the h^dro^er^s greater than about 10 % by volume of the non-cor>densable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1368. The method 



and where 




in the produced mixture comprises ammonia, 



15 



than about 0.05 % by weight of the produced mixture is ammonia. 



/ 



1369. The method of claim 1344, wherein the/produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



20 



1370. The method of claim 1344, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1371 . The method of claim 1344, further comprising controlling formation conditions to 
produce the mixture^wherein a partial pressure of H2 within the mixture is greater than 



/ 



about 0.5 bar. 



25 1 372. The 7 method of claim 1 344, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



1|#3. The method of claim 1344, further comprising altering a pressure within the 



formation to inhibit production of hydrocarbons Jrom 
numbei^reater th 




aving carbon 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1375. The method of claim 1344, wherein allowing the heat to transfer comprises 

/ 

increasing a permeability of a majority of the selected sectiogno greater than about 100 
millidarcy. 



1376. The method 
substantially\uniforrnl 





erein allowing the heat to transfer comprises 

at 

increasing a permeability of a majority of the selected section. 



1377. The metftofl of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1378. The method of claiirrl344, wherein producing the mixture comprises producing 

■ the mixture in a productkm well, and wherein at least about 7 heat sources are disposed in 

the formation for each^production well. 

/ 

1379. The method of claim 1344, further comprising providing heat from three or more 
heat sources t/6 at least a portion of the formation, wherein three or more of the heat 
sources are4ocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources Comprises a triangular pattern. 

1380. The method of claim 1344, further comprising providing heat from three or more 
leat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the for 



5raTa repetitive pattern of units. 



1381 . A method of treating a coal formation in situ, comprising: 
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heating a firstjectiea-ofllre rormation; 
Droducing H2 from the first section of formation; 
heating a second section of the formation; and 
recirculating a portion of the H2 from the first section into the second section of 
the formation to provide a reducing environment within the second ^ection of the 
formation.^ 



10 



1382. / The methcUl of claim 1381, wherein heating the fir^f section or heating the second 
section comprises heating with an electricaLheater. 



1383 



The method of cl 



1 , wherein heating the first section or heating the second 



section comprises /heating with a surface burner. 



1384. The'memod of claim 1381, wherein heating the first section or heating the second 
1 5 section comprises heating with a flameless distributed combustor. 



nj 



1385. The method of claim 138 1, wherein heating the first section or heating the second 



/ 

/ . 



section comprises heating- with a natural distributed combustor. 

• / 
/ 

20 1386. The method,6f claim 1381, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



25 1387yThe method of claim 1381, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. 



1388. The method of claim 1381, wherein heating the first secti on or heating the sec ond 
30/ section further comprises: 
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— h c ating - a selec te d vo lume {Y) ot the coal tormanon irorirfee-o-Qej^r more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the \ 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein fwr is calculated by the equation: 




wherein Pwh 
formation, p B is fo: 
°C/da^ 

1389. 



is the iieating energy/day, h is an average heating rate o£the 
tion bulk density, and wherein the heating rate i§J6ss than about 10 




)f claim 1381, wherein heating theoirst section or heating the second 
section emprises transferring heat substantially b/conduction. 




1390. The method of claim 1381, wherein heating the first section or heating the second 

/ 

1 5 section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second sectiorf is greater than about 0.5 W/(m °C). 



1391. The method of claini^ 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 



20 having an API gravityof at least about 25° 
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1392. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein at^out 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



30 



1393. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 

and wh^rfrin a mnlar r^ |l> nf pfhpng tn frtVmnp in thp nnn-y nnHpn^hle hydrocarbons 

ranges from about 0.001 to about 0.15. 
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method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



1 395. The method of claim 1381 , further comprising producing a.mixture from the 



second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than^5ouTl\% by weight, when calculated pn an atomic basis, of the 
condensable Jiydrocarboi\s i^oxygen. 



1 396. The method of cmm 1381, further comprising producing a mixture from the 
second section, wherein me produced mixture comprises condensable hydrocarbons, and 
wherein less tnhq^ab^Hi 1 % by weighj/when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur/ 



1 397. The method of claim/1 38 1 , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % b^weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 



comprise phenols. 



/ 



1 398. The/method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



1399. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than aboutSJMU^}" 2 ^^ condensable Hydrocarbons comprises multi-~ 

jmg.apemaTicswith more than two rings. 
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T4UU. I he method of claim 1 38 1 3 further comprising producing a nmcturTTroHUiie 
second section, wherein the produced mixture comprises condensable hydrocarbons, anc 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



O 



10 
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1401 . The method of claim l^i^further comprising producing a mixture from the 
second section, wherein the'produced mixture comprises condensaj>te hydrocarbons, and 
wherein about 5 % by weight to a yput 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



1402. The method of claim 138ft, further comprising producing a mixture from the 
second section, wherein the^foduced mixtur^comprises a non-condensable component, 
wherein the non-condensable component cwnprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
15 hydrogen is less than about 80 % by / volume of the non-condensable component. 



1 403 . The method of claim/1 381, further comprising producing a mixture from the 
second section, whereiirtjie produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



1 404. The method of claim 1381, further comprising producing a mixture from the 
second section^ wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 

/ 



25 1405. The method of claim 1381, further comprising controlling a pressure within at 
leas( a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



1406. The method of claim 1381, further comprising controlling formation conditions to 
3p' produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greaterthg 



1 
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measured when the mixture is at a production well 



within a mixture is 




1408. The method of claim 1381, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation haviprg carbon 
numbers greater than about 25. 



1 409. The method of clainri3 8 1 , further comprising: 
10 providing hydrogen (llA to the second section toXydrogenate hydrocarbons 

within the section; and 

heating a portion of the secoiM-seetion with heat from hydrogenation. 

1410. The method of claim LQ81, furthe^comprising: 
15 producing nydrogen/and condensable hydrocarbons from the formation; and 

hydrogenating a portion of tjre produced condensable hydrocarbons with at least a 
portion of the produced hydroger 



1411. The method of claWl 3 8 1 , wherein heating the first section or heating the second 
20 section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greate/than about 100 millidarcy. 



25 



1412. The method of claim 1381, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



141 3. /The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the heat of the second section to yield greater than about 60 % by 
iight of condensablgJiydFeearbDns, as measured by hischer Assay. 



30 
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■4444r-^Fhe-inetKOT 1381, further comprising producing a mixture from the 

formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



10 



15 



20 



25 



1415. The method of claim 1381, further comprising providing heaj/from three or more 
heat sources to at least a portion of the formation, wherein three^pr more of the heat 
sources are tocatea irvthe formation in a unit of heat sources, ^nd wherein the unit of heat 
sources comprises a tr 



1416. The Method of] 
heat sources fc 




er comprising providing heat from three or more 



nsr 
tf it 



a portion of the formation; wherein three or more of the heat 
sources are locatecTln the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and^herein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1417. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat^to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a rnixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of within the mixture is greater than about 0.5 bar. 



1418. The method of claim 1417, wherein the one or more heat sources comprise at 



least^nvo heat sources, andwher^ of heat from at least the two heat 

sources pyrolyzesalJ^ast^ornehydrocarbons within the selected section of the 
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1419. Th £J^hed^f L ctemrl4 1 /, wherein controlling tormation conditions compt 
maintaining a temperature within the selected section within a pyrolysis temperat 
range. 



5 1420. The method /ffclaito 1417, wherein the one or more heat §0Urces comprise 
electrical heaters. 



10 



1421. Themethbd 
surface burners 




erein the one or nore heat sources comprise 



1422. The method of claim 1417, wherpfn the one or more heat sources comprise 
flameless distributed combustors. 



1423. The method of claim l>n7, wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 
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1424. The method oi ^laim 1417, further comprising controlling a pressure and a 
temperature withii/at least a majority of the selected section of the formation, wherein 
the pressure isyontrolled as a function of temperature, or the temperature is controlled as 
a function ot/pressure. 

1425. Jhe method of claim 1417, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

4426. The method of claim 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons withinjhej>e^ 



Conley, Rose & Tayon, P.C. 



provided to the volume is equal to or less than , 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rajtfof the 
formation, p B is formation bulk density, and wherein the heating raters less than about 10 
°C/day. 



:g 

rat 

hi 
!»; 

:p 

E 

u 
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1427. The method of claim 1417, wherein allowing the h^at to transfer comprises 
transferring meat substantially by conduction. 



1428. The Method oftelaim 141 # wherein providing heat from the one or more heat 
sources comprises heat\rifesth£^elected sectioja such that a thermal conductivity of at least 
a portion of the\elected section is greater tfian about 0.5 W/(m °C). 



15 1429. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1430. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



143 1 . The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable'hydrocarbons ranges from about 0.001 to about 0.15. 



1432. /The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonsis 
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J. 433 . The method _o£claim4-4^ condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1434. The method of claim 1417, wherein the produced mixture compffses condensable 
hydrocarbons, and wherein less than about 1 % by weight, when 9arfculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



d of claim 1417, wherein the product mixture comprises condensable 
by weight to about 30 % by weight of the condensable 



1435. The met! 
1 0 hydrocarbons, w i^ein about 

hydrocarbons co nprise oxygen containing comp6unds, and wherein the oxygen 
containinkcompounds comprise phenols 



1436. The method of claim 1417, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



l s 
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1437. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1438. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
lydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



3 (A 1440. The method of claim^^ 



^cDnd^nsablecomponent, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by voluffie^of^hfc^on- 
condensable component. 



1441. The method of claim 1417, wherein the produced mixture comprises ammonia 
and wheremgreafer<han about 0.05 % by weight of the produced mixture is amrponia. 



1442./ The method declaim 1417, wherein the produced mixture comgpfses ammonia, 
and wherein the ammonia is used to proddce fertilizer. 




1443 A The method of claim 1417, further comprising controlling a pressure within at 
least a\iajority of the /elected section of the formation< / wherein the controlled pressure 
is at least about l.QJoar absolute. 



1444. The method of claim 1417, further comprising altering a pressure within the 

/ 

formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1445. The method of claim/1417, wherein controlling formation conditions comprises 
recirculating a portion o^Kydrogen from the mixture into the formation. 



1446. The method^of claim 1417, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1447. The method of claim 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced con densable hydrocarbons w ith at least a 

portion of the produced hydrog"en7 
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144g ^J3ie-flreth^^ 1417, wherein allowing the heat to transfer compT 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



5 1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than y ^bout 60 % b)/wlight of condensable hydrocarbons, as'measured by Fischer Assay. 



10 



14p 1 . The method $SQlaim 141 7^AvhSrein producing the mixture comprises producing 

/ / 

the mixture in a production well, and wherein at/least about 7 heat sources are disposed in 

the formation &r each production well. 



15 1452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of th^formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



q 20 1453. The method of claim/1 417, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

/ 

sources are located in thyformation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



30 



1454. The method^of claim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 




1455. A method oftseating-a-eoaTformation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 
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---- allowmg [l ie Ileal lu U ansrer from the one omiOi'C h eal suiuies lu a -s ele o ted - 
section of the formation; 

maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H2, as compared to the partial pressure ofU/at atmospheric 
pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the prodtfced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25 c 



1456. The meriiod of plfiim 1455, wherein the one ^o^/more heat sources comprise at 
10 least two heat sources, and wherein superposition^ heat from at least the two heat 
sources pyroly ses at Jeasts^qipj^hydrocarbons y within the selected section of the 
formation. 



1457. The method of claim 1455, further comprising maintaining a temperature within 
15 the selected section within a pyrolysis temperature range. 



S3 



1458. The method of clainyi455, wherein the one or more heat sources comprise 
electrical heaters. 



20 1459. The method pf claim 1455, wherein the one or more heat sources comprise 
surface burners. 

1460. The method of claim 1455, wherein the one or more heat sources comprise 
flameless distributed combustors. 

■ / 

1461. /The method of claim 1455, wherein the one or more heat sources comprise natural 
distributed combustors. 

1462. The method of claim 1455, further comprising controlling the pressure and a 
30 ympfn* 11 ^ withj n a t least a majority of th e selected sectipn_ofthe formation, wherein 
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4te J as a fmnliuii uf leiiipeial'ure, or Ih trtempera 



as 



a function of pressure. 



1463. The method of claim 1455, further comprising controlling the heat such th^an 
5 average heating rate of the selected section is less than about 1 °C per day durir 
pyrolysis. 



m 



y 
o 

ii 

in 



1464. The /nethod of claim 1455, wherein providing heat from th^mie or more heat 
sources tokt least the portion of formation comprises: 
10 heating a selectedr volume (V) of the coal formation Jbm the one or more heat 

sources, wherein the fOTmatio^has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least same hydrocarborTS^witimHhe seletted volume of the formation; and 
wherein-heating energy/day provided to jKe volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p B 

wherein Pwr is the heating enej?§y/day, h is an average heating rate of the 
formation, p B is formation bulk dei^ity, and wherein the heating rate is less than about 10 
°C/day. 

20 1465. The method of cla^n 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comjfrises heating the selected section such that a thermal conductivity of at least 
a portion/of the selected section is greater than about 0.5 W/(m °C). 



1467. The method of claim 1455, wherein the produced mixture comprises condensable 
lydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
able.hydro carhons a re olefins 
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1*^58 . The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons^ancHvherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarlXKis ranges from about 0.001 to about 0.15. 

1469. The method of claim M55, wherein the produced mixture compri^s condensable 
hydrocarbons, ,and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1470. The method of /laim 1 45 S^j ^reinj he^roduced mixture comprises condensable 
hydrocarbons, aQ^Wnerein less than about 1 % by wejgnt, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen y 

1471. The method of claim 1455, wherein^ne produced mixture comprises condensable 
hydrocarbons, and wherein less than abom 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1472. The method of claim 1^5 5, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abom 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise />xygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons; and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1474. /The method of claim 1455, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about5J^y^ _____ 

hydrocarl^ aromatics with more than two rings. 
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1 475 . Thejiie lhcui^^ comprises condensable 

hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



5 1476. The method of claim 1455, wherein the produced mixture comprise^condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydroc^bons are cycloalkanes. / 

1477. The metnod of claim ll 455, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensabl^omponent comprises hydrogen, 
wherein the hydrogen is^greater than about 10 % bx/volume of the non-condensable 
component, and wherein the hydrogen is less thdn about 80 % by volume of the non- 
condensable component. / 



15 1478. The method of claim 1455, wHerein the produced mixture comprises ammonia, 



and wherein greater than about QJo5 % by weight of the produced mixture is ammonia. 



1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at te^st about 2.0 bar absolute. 

25 /1481 . The method of claim 1455, further comprising increasing the pressure of the 
/ selected section, to an upper limit of about 2 1 bar absolute, to increase an amount of non- 
' condensable hydrocarbons produced from the formation. 

\^J482. The method of claim 1455, further comprising decreasing pressure of the selected 
30 section, to a lower limit of about atmospKeri^jre^ure^oincrease an amount of 



20 



condensable hydrocarbons produced from the formation. 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
^pressxn^based on properties measured at a production well. ■ — - — 



15 



1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1485. The method of clgum 
1 0 by recirculating a portion of hycjrog' 




, further comprising controlling formation^onditions 
;en from the mixture into the formation. 



) to the heated section to hyd&genate hydrocarbons 



14£5^fiirther comprising 



1486. The method o 
providing hyd 
within the section; and 

heating a portion of the section with heat fron/hydrogenation 



20 



1487. The method of claim 1455, further comprising: 

producing hydrogen and condensabiyiiydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



25 



1488. The method of claim 145J>, wherein allowing the heat to transfer comprises 
increasing a permeability of ^/majority of the selected section to greater than about 100 
millidarcy. 

1489. The method^f claim 1455, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1490y / The method of claim 1455, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1491 . The method of claim 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heaTsourC^s-«r^4isposed in 
the formation for each production well. 

1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1493. The method of cla 



heat sources to at least a portion 



sources are located in the 



m 1455& 



ther comprising providing heat from thre€for more 
le formation, wherein three or more of ;he heat 



formation a unii^f heat sources, whereirr the unit of heat 
sources comprises a triangMar pattern, and wherein a plurality^*! the units are repeated 
over an area of the formation to form a repetitive pattern^! units. 



1494. A method of treating a coal formation irr^itu, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; X 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

providing H2 to the formation to produce a reducing environment in at least some 
of the formation; / 

producing \s[: mixture from the formation. 

1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1496. The method of claim 1494, f"it bE r ™™p ri. sing m nintnini n g n t f a mC £jjjtm'e within 
the selecfed^ctierrt^hin a pyrolysis temperature range. 
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^97. The method of claim 1494, fiidfaerxo mprising separating a portion -ofj 
within the mixture and recirculating the portion into the formation. 



zen 



5 1498. The method of claim 1494, wherein the one or more heat sources comprise 
electrical heaters. 



Ire* 



10 



1499. The method of/claim 1494, wherein the one or more heat sources c0mprise 
surface burners. 



1 500. The method of claim 1 404, 
flameless distributee! combustors. 



the one or more h^dt sources comprise 



1 501 . The method of claim 1494, wherein the cprfe or more heat sources comprise natural 
15 distributed combustors. 



20 



1 502. The method of claim 1494, ferther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled a^function of temperature, or the temperature is controlled as 
a function of pressure. 



25 
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1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1504. /The method of claim 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected yolume (V) of the coal formation from the one or more heat 
soui t eesrwKerem the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heatine-£a©* : gy/dayTm>Vided to the volume is equal lo or leys thaa 
wtferein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate ofthe 
formation, p B is formation bulk density, and wherein the heating rate is less ^han about 10 
°C/day. 




10 



1 505. The method^of claim }49% wherein allowing the heat to transfer comprises 
transferring heat substantial 



1 506. The method of c 
sources compnses N &eacting 




rein providingheat from the one or more heat 
section such'that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



hi 



./ 



15 1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



20 
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1508. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein'about 0.1 % by weight to about 15 % by weight ofthe 
condensable hydrocarbons are olefins. 

/ 

f 

1509. The method of claim 1494, wherein the produced mixture comprises non- 
condensable'hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



condensable 



1510. The method of claimJ494, 
Jiydroc^bofisr^n^wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



Conley, Rose & Tayon, P.C. 



1511. The methodjifiJamri^^, wherein the produced mixturrcUTnprises-coiidensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1512. The method of claim 1 494, wherein the produced mixture comprises concjefisable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated Lon an atomic 



basis, of the co: 



iensable hydrocarbons is sulfur^ 



1513. The metSfrod of cj^im I494r^fiierein the produced mixtdre comprises condensable 
10 hydrocarbons, wfierem about 5 % by weight to about 30,% by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1514. The method of claim 1494, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of, the condensable 
hydrocarbons are aromatic compounds. 



20 



1515. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



1516. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

15 J7. The method of claim 1494, wherein the produced mixture^onipiises-tondensable 
hydrocarbons, and wherein aboutJJ&Jsy-wetgh % by weight of the 

cOqdensablehydroeaifto^ cycloalkanes. 



30 1518. The method of claim 1 494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 8TF%~fey~voliim£j)f the non- 
condensable component. 



5 1519. The method of claim 1 494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1520. The metho^of claltn s 1494, wherein the produced mixture comprises ammqpi^, 
and wherein the ammonia is used to produce fertilizer. 




1521. The method of clai 
least a majority of the s 



is at least abo 




1494, further comprising controlling a pressure within at 

section of the formation, wherein the controlled pressure 
lute. 



icted 




15 1522. The method of claim 1494, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1523. The method of claim 1494^wherein the partial pressure of H2 within the mixture 
20 is measured when the mixture is^at a production well. 



25 
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1524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1525. The me'thod of claim 1494, wherein providing hydrogen (H2) to the formation 

further comprises: 

hydrogenating hydrocarbons within the section; and 
/ 

/heating a portion of the section with heat from hydrogenation. 



1526. \ The method of claim^^^Tftirther comprising: 



1 
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producing hydrog en and condensable hydrocarbons from the forma tion; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least 
portion of the produced hydrogen. 

5 1527. The method of claim 1 494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about L0O 
millidarcy. / 

1528. The method of^&nT^94, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the' selected section. 



1529. The method of claim 1^94 further comprising controlling the heat to yield greater 



than about 60 % by N 



i\ of condensable hydrocarbons/as measured by Fischer Assay 



/ 



15 1530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein^at least about 7 heat sources are disposed in 
the formation for each production well. 



1 53 1 . The method of claim 1494, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

/ 

sources comprises a triangular pattern. 



1532. The method of claim 1494, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources / comprises a triangular pattern, and wherein a plurality of the units are repeated 
over/an area of the formation to form a repetitive pattern of units. 
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method of treating a coal formation in situ, comprising: 
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10 



15 



_ provi dijigJ^t^ror?ro^ or more heat sources to at leastTportiou of the 
formation; 

allowing the heat to transfer from the one or more heat sources tq^selected 
section of the formation; 

providing H2 to the selected section to hydrogenate hydrp<farbons within the 
selected section ^ndto heat a portion of the section with heajHrom the hydrogenation; 
and 

controlling heal|n^ of the selected section by controlling amounts of H2 provided 



to the select 



1534. The 



d section. , 



lethod of/claim 1533, wherein the one or more heat sources comprise at 
least two heat\sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1535. The method of claim 153^, further comprising maintaining a temperature within 
the selected section within a pvrolysis temperature range. 



1536. The method of cl^rn 1533, wherein the one or more heat sources comprise 
20 electrical heaters. 

1537. The meth^ra of claim 1533, wherein the one or more heat sources comprise 
surface burners 

25 1538. Tne method of claim 1533, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1d39. The method ofj^mrt553, wherein the one or more heat sources comprise natural 
distnbutgcTcombustors . 
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1S4 P. TVip mrthcLd- a f rl mm 1 fi Hit^.^nmprisrng£^ a pressure and a 

temperature within at least a majority of the selected section of thefoSnattonrwiierein 
the pressure is controlled as a function of temperature, or the temperature is enrolled as 
a function of pressure. 



pa 



1541. The method of claim 1533, further comprising controlling th^heat such that an 
average heating rate of the selected section is less than about 1 °yper day during 
pyrolysis. 




10 1 542. The methdd of claim 1 533, wherein providing heat from the one or more heat 
sources to at least the porttW of formation comprises: 

heating a i elected LohKne^Oof the coaj/rormation from the one or more heat 
sources, wherein me formation has an averaa^ heat capacity (C v ), and wherein the heating 
pyrolyzes at least someliydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the eqj^tion: 
Pwr = /2*F*C v *p* 

wherein Pwr is the hea^fng energy/day, h is an average heating rate of the 
formation, p B is formation Italic density, and wherein the heating rate is less than about 10 
20 °C/day. 



1 543. The method &f claim 1533, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 1 544. The mfethod of claim 1 533, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portioiVof the selected section is greater than about 0.5 W/(m °C). 



154s/ The method of claim 1533, further compri^og^ 
30 formatioi^ comprises condensable hydrocarbons having an 

APLgravity of at least about 25°. 
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1546- The-method ot claim 1533, further comprising producing a mixture tfor 
formation, wherein the produced mixture comprises condensable hydrocarbons, and. 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



1547. The methodyof claim 1533, further comprising producing a mijefure from the 
formation, whereii/the produced mixture comprises non-condensate hydrocarbons, and 
wherein a molar r&tio of ethene to ethane in the non-condensahl^hydrocarbons ranges 

10 from about 0.001 

1548. The method of clatfn 1X33, furtjiefcomprisin^ producing a mixture from the 
formation, wherein th^ptf oduced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when/^alculated on an atomic basis, of the 

15 condensable hydrocarbons is nitrogen. 





20 



1 549. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbon? is oxygen. 



25 



1550. The methocLof claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable/hydrocarbons is sulfur. 



30 



1551. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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1 552t- The- me^he4^f-clatm^I'5'3^7faTther compriMTIg'pmducing-a-mixtog^fi^m the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than ^oout 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



10 



1553. The methtbd of claim Id 3 3, further comprising producing a mixture from 
formation, wherein the producer mixture comprises condensable hydrocarbpris, and 
wherein less than about 5 % by vyeighUjfkhe condensable hydrocarbons comprises multi- 
ring aromatics with ihore th&n two rings. 



15 



1554. The method of claim 1533, further comprisingproducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of tl^condensable hydrocarbons are 
asphaltenes. 



20 



1 555. The method of claim 1 51a , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by w^ght to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



25 



1556. The memod of claim 1533, further comprising producing a mixture from the 
formation, \yrierein the produced mixture comprises a non-condensable component, 
wherein jtfe non-condensable component comprises hydrogen, wherein the hydrogen is 
greatep^than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



30 



15p7. The method of claim 1533, further comprising producing a mixture from the 
formation, whereinjhgjtfoduced"^ comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 
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1 Thr^xx**bTvt7Stt<z\tYi 1533, further comprising producingTntbctttFeLfrom the 
formation, wherein the produced mixture comprises ammonia, and wherein the amrnc 
is used to produce fertilizer. 



1559. The method of claim 1533, further comprising controlling a pressure withir 
least a majority of the selected section of the formation, wherein the controll^pressure 
is at least about 2.0 bar absolute. 



1560. The method of claim 1533, further comprising controlling formation conditions to 



•z~~ 



U 

m 



p 



10 produce am 

is greater than about 0 



rmation, wherein a partial pressure of H2 within the mixture 




1561. The mQtljpd of claim 1 560, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a projection well. 

15 

1 562. The method of claim 1 5 3 V] further comprising altering a pressure within the 
formation to inhibit production^of hydrocarbons from the formation having carbon 
numbers greater than about/25. 

20 1 563 . The method of :laim 1533, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from a produced mixture into the formation. 



25 



1564. The rafethod of claim 1533, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
fdrogenating a portion of the produced condensable hydrocarbons with at least a 
portioA of the produced hydrogen. 



30 



15$5. The method of claim 1533, wherei n allowing the heat to transfer comprises 
increasing a perpieattli^of a majority of the selected section to greater than about 100 
millidarcy. 
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1566. The mjlJiod-trP^lSnilSSS, wherein allowing the heat to transfer comprise 
"suSstantially uniformly increasing a permeability of a majority of the selected/section. 

1567. The method of claim 1533, wherein the heating is controlled of>claim 1533, 
further comprising producing a mixture in a production well, and wnerein at least about 7 
heat sources are disposed in the formation for each production Well. 



if! 
IB 



M 
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1568/ The method of claim 1533, further comprising OTOviding heat from three or more 
heat/sources to at least a portion of thefcfnnation, wjierein three or more of the heat 
sources are located in the formatiprun a unit of Ij^at sources, and wherein the unit of heat 
sources comprisp^a trianguljH^pattern. 




1569. \The method of claim 1533, farmer comprising providing heat from three or more 
heat sources^o at least a portion of the formation, wherein three or more of the heat 



15 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1570. An in situ method for producing H2 from a coal formation, comprising: 
providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein a H2 partial pressure within the 



25 mixture is greater than about 0.5 bar. 



30 



1571 . The method of claim 1570, wherein the one or more heat sources comprise at 



east two heat sources, and wherein sugegjoskknTOfTTeat from at least the two heat 
sources pyrolyze§ - at4easTsome hydrocarbons within the selected section of the 
ation. 
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"oFclaim 1570, further comprising maintaining a temperaRlt^Nwithin 



the selected section within a pyrolysis temperature range. 

1573. The method of claim 1570, wherein the one or more heat sources comprise 
5 electrical heaters. 



1574. The method of claim 1570, wherein the one or more heat sources comprise 
surface burners. 

10 1 575. The method or claimvl 570, where injflre one or more heat sources comprise 
flameless^distribufed combustors. 



1576. The method of claim 1 570, wherein the one or more heat sources comprise natural 
distributed combustors. 

15 

1577. The method of claim 1570, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

20 

1578. The method of/claim 1 570, further comprising controlling the heat such that an 
average heating rate 7 of the selected section is less than about 1 °C per day during 

pyrolysis. / 

/ 

/ 

/ 

25 1 579. The method of claim 1 570, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

/ 

/ heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
30 wherein heating energy/day provided to the vol ume equal lu"orlc33 than Pwt\ 

wherein Pwr is calculated by the equation: 
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Pwr = h*V*C v *p B 

whfij^inrPTPflTthe heating energy/day, h is an average heating rateol 
Ibrmation, p B is formation bulk density, and wherein the heating rate is less than about jO 
>C/day. 



1580. The method of^aimTT707^h^rein allowing the heat to transfer compiles 
transferring heat substantially by conduction. 



3 



ry 



1581. The method of claim 1 570/wherein providinghea^&t5m the ope or more heat 
10 sources comprises heating the^ectfecj^eci^ a thermal^cxmductivity of at least 

a portion of the selected septum is greater than about 0.5 W/(m/ C). 



1582. The method of claim 1570, wherein the produc^mixture comprises condensable 
hydrocarbons having an API gravity of at least about25°. 



15 



1583. The method of claim 1570, wherein the'produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by/Xveight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

20 1 584. The method of claim 1570? wherein the produced mixture comprises non- 
condensable hydrocarbons, ^l^wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1585. The method of claim 1570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and'wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1 586. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarlWs^^ndJAiieFei^^ 
basis, of the condensable hydrocarbons is oxygen. 
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1587. The method of claim 1570, wherein the produced mixture comprises condensable 
hyflj pcarbons, and wherein less than about 1 % by w eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1588. The method of claim 1570, wherein the produced mixture comprises condensajjl 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the con^efisable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1589. The metmod of claim 1 570, wherein the produced mixjxfre comprises condensable 
hydrocarbons, and where inygreat^r than about 2J>% by weight of the condensable 
hydrocarbons are afsmatfc compour 

1590. The method of claim 1570, wherein tjae produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aj^matics with more than two rings. 

1591 . The method of claim Lg/0, wherein the produced mixture comprises condensable 
hydrocarbons, and whereio4ess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaftenes. 

1592. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1593. /The method of claim 1570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wheroin the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component 
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1^Q4^JTVjt^ of Hai m 1 H ieH p fh( * p r™1 n cftf1 m i v ^ir^^]^^ 
and wherein greater than about 0.05 % by weight of the produced mixtureis^ammonia. 

1595. The method of claim 1570, wherein the produced mixture comprises ammqpia, 
5 and wherein the ammonia is used to produce fertilizer. 



m 



10 



1 596. The method of claim 1 570, further comprising controlling a pressur^within at 
least a majority of the s£leeted.section of the formation, wherein the cc^rifrolled pressure 
is at least about 2.0/bar absolute. 



1 597. The methbd of claim 1/5 '^0, further comprising aiding a pressure within the 



formation to inhi 
numbers greater 




f hydrocarbons^ 



le formation having carbon 



sii 



15 1598. The method of claim 1 570, furtherxomprising recirculating a portion of the 
hydrogen within the mixture into the^formation. 

1 599. The method of claim 1570, further comprising condensing a hydrocarbon 
component from the produced mixture and hydrogenating the condensed hydrocarbons 
20 with a portion of the hydrogen. 



25 



1 600. The method of claim 1 570, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the/ection; and 

gating a portion of the section with heat from hydrogenation. 



1601 . V The method of claim 1 570, wherein., 

increasing a^rffleaKTity^fa majority of the selected section to greater than about 100 
millidarcy. 
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1 602. The method of claimJitZQ^^ 

substantially^ uniformly increasing a permeability of a majority of the selectecTseetior 

1603. The method of jrf£im~T5^0, further comprising controlling the heat to yield greater 
5 than about 60 % by/weight of condensable hydrocarbons, as measured by Fischer Assay. 



m 
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10 



15 



20 



1604. The method of claim 11570, wherein raoducing the mixture comprises producing 
the mixture in a productionN^ell, and^h^rein at least about 7 heat sourcesXe disposed in 
the formation for each production well. 

1 605. The method of claim 1 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, vyhvrtm three or more of the heat 
sources are located in the formation in a unit oMieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1606. The method of claim 1 570; further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in th^rormation in a unit of heat sources, wherein the unit of heat 
sources comprises a tnangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1607. The'method of claim 1 570, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



25 160,8. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sourc es to a selected . 

section ofthe^ofmation^ ■ 

30 wherein the selected section has been selected for heating using an atomic 

hydrogen weight percentage of at least a portion of hydrocarbons in the selected section, 
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is* 



10 



15 



25 



and^^Ja^feirrarreast the portion of the hydrocarbons in the selectechsection comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of^gc^ater 
than about 4.0 %; and 

producing a mixtures fk>m the formation. 

1609. The method of claim 1608, wherein the one^of more heat sources comprise aty 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at Wast some hydropaf^ons within the selected section of the 
formation. / ^s^^ 

AT \\ 

1610. The method of claim 1608, furtn^comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range, f 



1611. Themethoi 
electrical heaters 



of claim 1608, wherein the one or more heat sources comprise 



1612. The method of claim 1608, wherein the one or more heat sources comprise 



surface burners. 



y 



/ 



p 20 1613. The method of claim 1608, wherein the one or more heat sources comprise 
flameless distributed^combustors. 

/ 

/ 

1614. The method of claim 1608, wherein the one or more heat sources comprise natural 
distributed cbmbustors. 



1615. ^ The method of claim 1608, further comprising controlling a pressure and a 

> 

temperature within at least a maj ority of the selected section of the formation, wherein 
the press ure is controlled as a function of temperature, or the temperature is control 
a function of pressure. 
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16H^E^^ claim 1608, further comprising controllinglfe^he^such that an 

average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



5 1617. The method of claim 1 608, wherein providing heat from the one or njore heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the orfe or more heat 
sources, wherein the formation has an average heat capacity (C v )yaftd wherein the heating 
pyrolyzes at least pome hydrocarbons within the selected^6lujafe of the formation; and 
10 wherein heating energ^Jf&^y provided tojhe^blurn^ls equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*b^f 

wherein Pwr is the heating energy/day ,H is an average heating rate of the 
formation, p B is formation bulk density, and/wherein the heating rate is less than about 10 
15 °C/day. 

1618. The method of claim 1608.Aherein allowing the heat to transfer comprises 
transferring heat substantially bjf conduction. 

20 1619. The method of claj'fn 1608, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1620. The method of claim 1608, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



1621. /The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbon s, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 
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1 622. The method of clainyj&S^ non- 
condejisabielayHrocarbons, and wherein a molar ratio of ethene to ethane inlhfcstion- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



u 



10 



1623. The method of claim 1608, wherein the produced mixture comprises cofKlensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated jm an atomic 
basis, of the condensable hydrocarbons is nitrogen. 




erein the produced mixture/comprises condensable 
eight, when calculated on an atomic 



1624. The method of 
hydrocarbons, and whi 
basis, of the condensal 



1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 



/OA 



15 basis, of the condensable hydrocarbons is sulfur, 



IIS 



20 



■ 1626. The method of claim 1608, ^herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



1627. The methodof claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1628. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about_5J£J}Y^^ the Condensable" 
hydrockrbor 




rnulti-ring aromatics with more than two rings. 
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1629. Thejnethod of claim 1608, wherein the produced mixture comprises condensable 

Irocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



hi 



10 



1630. The metho*l<jftiami 1608, wherein the produced mixture comprises cmidensable 
hydrocarbons^^id wherein about 5 % by weight to about 30 % by weigljfof the 
condensable/hydrocarbons &re cycloalkanes. 




1631. Thd method of clqfim 1 S&^whereiifthe produced nrixture comprises a non- 
condensabfe component/ wherein the non-condensablp^component comprises hydrogen, 
wherein the \jydrogen is greater than about 10 % by volume of the non-condensable 
component, anftsvfe^rein the hydrogen is less^tnan about 80 % by volume of the non- 
condensable component. 



1 5 1 632. The method of claim 1 608/wherein the produced mixture comprises ammonia, 
and wherein greater than about/0.05 % by weight of the produced mixture is ammonia. 



20 



1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the amn*onia is used to produce fertilizer. 

1634. The metnod of claim 1608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least sroout 2.0 bar absolute. 



25 1635. / The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greateTthan 
about 0.5 bar. 



1636. The method of claim 1635, wherein the partial pressure of H2 within the mixture 
30 is measured when the mixture is at a production well. 
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6 37, Tlnr method of claim 1608, further comprising altering a pressure within4he__ 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 1638. The method of claim 1608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1639. The method of c^im 1608> further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate'nydrocarbons 



10 within the section; anc 



A 



heating a portion of the section with hfeat-from hydp^genation. 




15 



1640. The method of claim 1608, further comprising: 

producing hydrogen and condensable'hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



3=* 



1641. The method of claim 1608, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 



20 millidarcy. 



1642. The / method of claim 1608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



/ 
/ 

25 1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



1644. The method of claim J^8,_ wherein.producing the mixture comprises producing 



the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1 645. The method of claim J-608,-further-eomprising-providing-heat.from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1646. The method/of claim ^60^, further comprising providing heatfrpm three or more 

heat sources to at least a ponioVof the formation, wherein three or more of the heat 

I 7 / 
sources are located k^rthp^formation in a unit of heat sources^jyherein the unit of heat 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

10 over an area of the formation to form a repetitivepattern of units. 

p 1 647. A method of treating a coal formation^ situ, comprising: 

|6 providing heat from one or more^heat sources to at least a portion of the 



SS3 



20 



25 



formation; 

15 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; / 
si wherein at least some hydrocarbons within the selected section have an initial 

. atomic hydrogen weight percentage of greater than about 4.0 %; and 
producing/a mixture from the formation. 



1648. The method of claim 1647, wherein the one or more heat sources comprise at 
least two h'eat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 

/ 

formation. 

/ 
it 

1649.1 The method of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1650. The method of clMm-l-647 0 .wherein the one or more heat sources comprise 
30 electrical heaters. 
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JjjSJ^^JIlie-j^&o^ comprise 
surface burners. 

1652. The method of claim 1647, wherein the one or more heat sources 
flameless distributed combustors. 



1653. The me^KoJoF^laim 1647, wherein the one or more heat^ources comprise natural 
distributed combustor^ 





1654. The method of &laim4£47; further comprisingxontrolling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is conformed as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1655. The method of claim 1647, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1656. The method of claim/1647, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the /formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein/heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwi/=h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/da/. 

I 

1657. The method of claim 1647, wherein allowing the heat.toJransf er comprises . 
transferring heat substantially by conduction. 
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le method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of atl^ast 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1659. The method of claim 1647, wherein the produced mixture conjgffises condensable' 
hydrocarbons havinga^fXPI gravity of at least about 25°. 



1660. The method 
hydrocarbons, and Wherein ab 1 
condensable hydrocarbons are o 



}f claim y 647, wherein the produced mixture comprises condensable 
ut 0. 1 % by weight to about 1 5 % by weight of the 



1661. The method of claim 1647, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein 4/molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fron/about 0.001 to about 0.15. 

1662. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on ah atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1663. The method pf claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, anja wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1664. Tile method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis/of the condensable hydrocarbons is sulfur. 



1665. \The metho^f-elaiinT647, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbon s-com^ the oxygen 

containing compounds comprise phenols. 



eJI 



□ 
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20 



25 



1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wjadreinjgreater than about 20 % by weight of the condensabj 
hydrocarbons are aromatic/compounds. 



1667. The method of claim 1647, wherein the produced mixturecomprises condensable 
hydrocarbons, and whereiAess than about 5 % by weight of th/condensable 
hydrocarbons comprises mulri=nng aromatics with more than two rings. 



1668. The meth^£of^laim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. 

1669. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1670. The method of^claim 1647, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensablecomponent. 



1671/ The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1672. The method of claim 1647, whereinthe^ 
and wherein the ammoni^is-ttsedto produce fertilizer. 



fixture comprises ammonia, 
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l^i^Fhe method of claim 1647, further comprising controlling a pressure withilTatx 
least a majority of the selected section of the formation, wherein the controlled pressure j 
is at least about 2.0 bar absolute. 




1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture i^/greater than 
about 0.5 bar. 



1675. The method o 
1 0 is measured when the 



claim 16\7ty, \vherein the partial pressur^of H2 within the mixture 
Lixture id atNd production well. 



1676. The method of claftn-H>47, further comprising 7 altering a pressure within the 
formation to inhibit production of hydrocarbons fr^m the formation having carbon 
numbers greater than about 25. 

1677. The method of claim 1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen^om the mixture into the formation. 



1678. The method of claim 16^7, further comprising: 
20 providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portior/ of the section with heat from hydrogenation. 



25 



30 



1679. The method of claim 1647, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 



hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion ot 7 the produced hydrogen. 



1680/ The method of claim 1647, whereinaU^ to transfer comprises 

increasing a permeability ofa,majofity of the selected section to greater than about 100 
(illidarcy. 
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1681. Themethodjrf^ wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected sectk 



1682. The method of claim 1647, further comprising controlling the heano yield greater 
than about 60 % by weight of condensable hydrocarbons, as measuredoy Fischer Assay. 



t . E 



20 



1 683. The method/51 ;laii^ 1 647, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 



7 



each production well. 



1 0 the formation foi 



1 684. The method of claim 1 
heat sources to at Veast a po: 
sources are located \n 
1 5 sources comprises a triangular pattern 




further comprising providing heat from three or more 

/ / 

the formation, wherein three or more of the heat 
formation in a unit of heat sources, and wherein the unit of heat 




1685. The method of claim 1647, further comprising providing heat from three or more 

/ 

heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1686. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the^ormation; 

wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
30 portipn of the hydrocarbons in the selected section cmriprises-a-vitrinite-reflectance~of^ 
greare^than about 0.3^%? 
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wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite^ftertSice of less than about 4.5 %; and 
producing a mixture from the formation. 



1687. The method of claim 1686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least th^/two heat 
sources pyrolyzes at le^st-sorne hydrocarbons within the selected section of the 
formation. 



10 1688. The method 




er comprising^maintaining a temperature within 



the selected section w^thii^^ temperati 



15 



1 689. The method of claim 1 686, whecetfn the vitrinite reflectance of at least the portion 
of hydrocarbons within the seiected^ection is between about 0.47 % and about 1.5 % 
such that a majority of the prodiK^ed mixture comprises condensable hydrocarbons. 



L 1690. The method of clmm 1686, wherein the vitrinite reflectance of at least the portion 

»P of hydrocarbons witfym the selected section is between about 1.4 % and about 4.2 % such 

* Li ✓ 

.£ that a majority of^ne produced mixture comprises non-condensable hydrocarbons. 

p g 20 

1691 . The^method of claim 1686, wherein the one or more heat sources comprise 
electrical/neaters. 

1692:. The method of claim 1686, wherein the one or more heat sources comprise 
25 surface burners. 



1 



693. The method of claim 1686, wherein the one or more heat sources comprise 
ameless distributed combustors. 



30 1694. The method of claim 1686, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 695. TliejnethodLoLcla 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controller as 
a function of pressure. 

1696. The method of claim 1686, further comprising controlling the heal/such that an 
average heating rate of the selected section is less than about 1 °C per pky during 
pyrolysis. 




1697. The method of claim 1686^ wherein providing heat fxjam the one or more heat 
sources to at least the porlion of formation comprises: 

heating a selected volume (V) oFthe coal formation from the one or more heat 
sources, wherein the formarion has an average heat/6apacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the^selected volume of the, formation; and 

wherein heating energy/day provided^ the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 

/ 

formation, p B is formation bulk^density, and wherein the heating rate is less than about 10 
°C/day. 



1698. The method^of claim 1686, wherein allowing the heat to transfer comprises 
transferring heaLsubstantially by conduction. 



1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources^comprises heating the selected section such that a thermal conductivity of at least 



ce^ ; 



a portion of the selected section is greater than about 0.5 W/(m °C). 



1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1 70 1 . The me thod o fclaimJ6^ mixture comp rises condensable 

hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1702. The method of claim 1686, wherein the produced mixture comprises non- 
condensable hydrocarh0H§7^?d wherein a molar ratio of ethene to etjaane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15/ 

I 

I 

1 703. The method of claim jl 686, wherein the produced nature comprises condensable 



hydrocarbons, and wherein less than about 1 % by weigjii, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 




1704. The methed"6f claim 16867"Wftefein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonsis oxygen. 



1705. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinljess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is sulfur. 



1 706. The methpd of claim 1686, wherein the produced mixture comprises condensable 
hy drocarbonsy wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



17(37. The method of claim 1686 z jvherg^ 

fdrocarbons, jgid-whSrem greater than about 20 % by weight of the condensable 
hy3rocarbons are aromatic compounds. 
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1 708. The method^ofjJaim-WS^TwE^in the produced mixture comprises^ondensable 
JiydroCarSons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1709. The method of claim 1686, wherein the produced mixture comprisesxondensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



IS 
W 
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1710. The method of cl£ 

/ 



1686, wherein the produced rmxture comprises condensable 



10 hydrocarbons, and wherein about 5 % by weight to abo: 



7 

condensable jiydrocarbons 



/cloalkanes 




M30% 



by weight of the 



1711. The method of claim 1 686,\wherein the produced mixture comprises a non- 
condensable component/wherein the ncm-condensable component comprises hydrogen, 



Lery 



15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



O 



1712. The method of claim 1686, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1713. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein tfie ammonia is used to produce fertilizer. 

25 1714. yThe method of claim 1686, further comprising controlling a pressure within at 
leasts majority of the selected section of the formation, wherein the controlled pressure 
is, at least about 2.0 bar absolute. 



1715. The method of claim 1686, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressu re of H2 within the mixture is greater tha 
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1716. The method ofclmmJJ^ the partial pressure of H2 within me^rn^xture 

is measured when-the mixture is at a production well. 



5 1717. The method of claim 1 686, further comprising altering a pressure vAfmn the 
formation to inhibit production of hydrocarbons from the formation haying carbon 
numbers greater than about 25. 

1718. The method-of claim 1 686, further comprising comrolling formation conditions 
10 by recirculating a portion of hydrogen from the mixjxfre into the formation. 



15 



1719. /The method of claim 1 686, further comprising: 

(providing hydrogen (H2) to the hpated section to hydrogenate hydrocarbons 
within Jhe section/ and 

seating apportion of the section with heat from hydrogenation. 



1720. The method of claim / 686, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 



)g^n 



hydrogenating a/portion of the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 



25 



1 72 1 . The method of claim 1 686, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy./ 

1722/ The method of claim 1686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 723 . The method of claim 1 686, further comprising controlling the heat to yield greater 



30 ' Mian about 60 % by weight of condensable hydrocarbons, as measured by Fischer-Assay^-^ 
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1 724. Tli£jii©theti-ofclaim 1686, wherein producingTErrn»tUu^comprises producing 
the mixture in a production well, and wherein at least about 7 heat sourc^ac^disposed in 
the formation for each production well. 



St. 

ili 
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1725. The method of claim 1686, further comprising providing heat from three or yiore 
heat sources to^fleast^ portion of the formation, wherein three or more of the hea 
sources are located in the i^rmation in a unit of heat sources, and wherein the ijmt of heat 
sources comprises a triangi^ pattern. 

10 1 726. The method of claim 1 686;Mmther comprising providing Wt from three or more 
heat sources to\at least a portion of the formation, wherein thjee or more of the heat 
sources are located^ntiiHfo™ 1 ^! 011 m a un *t of heat soupees, wherein the unit of heat 
sources comprises a triangular pattern, and whereinXplurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 X 

Mil. A method of treating a coal formation in situ, comprising: 

providing heat from one more heat sources to at least a portion of the 
formation; 

allowing the heat^to transfer from the one or more heat sources to a selected 
20 section of the formation; 

wherein/me selected section has been selected for heating using a total organic 
matter weigKt percentage of at least a portion of the selected section, and wherein at least 
the portimi of the selected section comprises a total organic matter weight percentage, of 
at le^t about 5.0 %; and 
25 / producing a mixture from the formation. 
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1728. The method of claim 1727, wherein the one or more heat sources comprise at 
Jeast two heat sources, and wherein superposition of heat from at least the two heat 
sottrces jpyrolyzes at least some h y droc a rbons within I In- 1 ^Im H s^cn^n th^ 
formation. 
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1729. The method^oflclaiffl-l J 72b p , further comprising maintamii 
the selected section within a pyrolysis temperature range. 



)erature within 
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1730. The method of claim 1727, wherein the one or more heat sources comprise 
5 electrical heaters. 

1 73 1 . The method of claim 1 727, wherein the one or more heat sources compile 
surface burners. 

10 1732. The method of claim 1727, wherein the one or more heat sgtffces comprise 
flameless distributed combustors. 

1733. Tjhe method of claipi 1727, wherein the one or ip6re heat sources comprise natural 
distributed combustors. 



15 
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1734. Thesqiethpd of claim 1727, further comprising controlling a pressure and a 
temperature within at least a majority of tjafe selected section of the formation, wherein 
the pressure is controlled as a functiog/of temperature, or the temperature is controlled as 
a function of pressure. 

1735. The method of claim/1727, further comprising controlling the heat such that an 
average heating rate of tfye selected section is less than about 1 °C per day during 
pyrolysis. 



25 1736. The method of claim 1727, wherein providing heat from the one or more heat 
sources to aLteast the portion of formation comprises: 

hewing a selected volume (V) of the coal formation from the one or more heat 
so urces( wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrpfyzes at least some hydrocarbons within the selected volume of the formation; and 
30 / wherein heating energy/day proyidedjQjJ^JW temc r requal lu oi le ss man rwr, 
agrein Pwr is caJculated15yThe^ equation: 
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Pwr = h*V*C v *p B 

r wris the heating energy/day, h is an average heating rate ofthe 
formation, pb is formation bulk density, and wherein the heating rate is less than pbout 10 
°C/day. 

1 737. The method of claim 1 727, wherein allowing the heat to transfer emprises 
transferring heat substantially by conduction. 



1 738. The method of claim 1 727, wherein providing heat from the one or more heat 
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^es heating the selected section such that a thermal conductivity of at least 



a portion of th i selected section is greater than about 0.5 W7(m °C). 

1739. The meuiod of claim 17^7, wherein tji^prodtfced mixture comprises condensable 
hydrocarbons having an ART gravit^ofm least ajrout 25°. 

1740. The method of claim 1727, whereinf^he produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/^y weight to about 15 % by weight of the 
condensable hydrocarbons are olefir 

1 741 . The method of claim 1/27, wherein the produced mixture comprises non- 
condensable hydrocarbonsydnd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarboitfs ranges from about 0.001 to about 0.15. 



1 742. The metho^bf claim 1 727, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1743. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboutJ^-by-weighl, when calculated on an atomic 
bajns, of the conderisableiiyHrocarbons is oxygen. 
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1 744. The method ^fxl aiai 1727, ~ w herein the pro duced uiixiu re-eomprises condensable 
lydrocarbons, and wherein less than about 1 % by weight, when calculated on an^Qmic 
basis, of the condensable hydrocarbons is sulfur. 



5 1745. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the cdndensable ' 
hydrocarbons comprise oxygen containing compounds, and wherein the^pxygen 
containing compounds comprise phenols. 

10 1 746. THe method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than ab^ut 20 % ^weight of the condensable 
hydrocarbonss^re ammatic compounds. 

1 747. The method of claim 1 727, whe^in the produced mixture comprises condensable 
15 hydrocarbons, and wherein less thajarlibout 5 % by weight of the condensable 
hydrocarbons comprises multi-^fng aromatics with more than two rings. 



20 



1 748. The method of^faim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, ancLwherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1749. Jhe method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1750. The method of claim 1727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

ipOnf nt , anH nrhnrm'n thr IvyH in^i n ! ■ 1 i ■ ■ l l 1 « ftfl o/n hy y^ lnmp of the non- 

condensable component. 
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1 75 1 . The method of claim 1 727, wherein the pr oduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the proHuc5rf-mixtiu^ is ammonia. 

1 752. The method of claim 1 727, wherein the produced mixture comprises ammoniz 
5 and wherein the ammonia is used to produce fertilizer. 



O 

m 
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1 753. The method of claim 1 727, further comprising controlling a pressure withhj at 
least a majority^Tth^ selected section of the formation, wherein the controllecj/pressure 
is at least about 2.0 bak absolute. 




1754. The: 



method 



laim 1727, further comprising controllingTormation conditions to 
svhekin a partialj^ssure of H 2 within/fhe mixture is greater than 



produce the mixture, 
about 0.5 ba^. / 

15 1 755. The method of claim 1 754, wherein th^artial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 756. The method of claim 1 727{: further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
20 numbers greater than abom 25. 



1 757. The method of claim 1 727, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



25 1758. Tne method of claim 1727, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
wi^Kin the section; and 

heating a portion of the section with heat from hydrogenation. 



30 1 759T" The mefKod* of claim 1 727, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydro penat ing a por t ion of the produced condc 
poffionofthe produced hydrogen. 



/drocarbons with at least a 



1 760. The method of claim 1 727, wherein allowing the heat to transfer comprises 
5 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1 76 1 . The method of claim 1 727, wherein allowing the heat to transfer compm 
substantially unifonply-4nQreasing a permeability of a majority of the selected; section. 



1762. The ntethod of claim 
than about 6fc) % by weight o 



7, further comprising controlling the heat to yield greater 
condensable hydrocarbonsfas measured by Fischer Assay. 



1 763 . The method of clairry 1 727, wherein producing/the mixture comprises producing 
the mixture in\i production well, and wherein at \past about 7 heat sources are disposed in 
the formation for eSciTproduction well. 
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1764. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion or the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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1765. The method/of claim 1727, further comprising providing heat from three or more 
heat sources to afleast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1766./ A method of treating a coal formation in situ, comprising 

providing heat frqmj>n£-own^ to at least a portion of the 

formation; 
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^^aUo^dfig-therteat to transfer from the one or more heat sources to a selet 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. 



1767. The method of claim 1766, wherein the one or more heat sprfrces comprise at 
least two h^afsourbes, and wherein superposition of heat from/at least the two heat 
sources p^rolyz^s at least some hydrocarbons within the fleeted section of the 
formation. 

1768. \ The method of claim 1766, further comprising maintaining a temperature within 
the selectg^ection within a pyrolysis tenefperature range. 



1 769. The method of claim 1 wherein the one or more heat sources comprise 
electrical heaters. 

1770. The method of ^iaim 1766, wherein the one or more heat sources comprise 
surface burners. 

1771. The method of claim 1766, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1772. /The method of claim 1766, wherein the one or more heat sources comprise natural 
distributed combustors. 



[773. The method of claim 1766, further comprising controlling a pressure and a 
'temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of tempera ture, or th e temperature is co ntrolled as 
ictior 
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1774_ Jhp mnthnH n fYL i ini 1 lf\f\ (mMIih i va mi) ii mng nnntrnllinft thp fr e^t such that an 

average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



m 



hi 
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1775. The method of claim 1766, wherein providing heat from the on^/or more heat 
sources to at least the portion of formation comprises: 

le one or more heat 
.the formation has an average heat capacitv^Cv), and wherein the heating 
p^rolyzes at leasi stame hydrocarbons within the selecte^Kvolume of the formation; and 
wherein Y eatmg energy/day provided to the^lume is equal to or less than Pwr, 
wherein Pwr is oalculatedJxy the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1776. The method of clairaf 1766, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 1 777. The methocr of claim 1 766, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1778. Trie method of claim 1766, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

1779. The method of claim 1766, wherein the produced mixture comprises condensable 
^drocarbons, and wherein about 0.1 % by weight to a bout 15 % by weigh Lof the 

cWidensable hydrocarhoiis^arer^rins. 



30 



Conley, Rose & Tayon, P.C. 



1 780. The method ^tclattn"1^7657wh^ein the produced mixture comprises non- 

lensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



□ 



1781 . The method of claim 1766, wherein the produced mixture comprises conderfsable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated oft an atomic 
basis, of the condensable hydrocarbons is nitrogen. 




1782. The i#£thod of cl^ir^ 1766, wherein the produced mixtitfe comprises condensable 

/ 

10 hydrocarbons, and wherjfein le^ss than about 1 % by weight^hen calculated on an atomic 
basis, of tpe condensab/q hydrocarbons is oxy^n. ^/ 

1783. The method jbf claidvj 766, jytterein thp^roduced mixture comprises condensable 
hydrocarbons, ar^f wherein less than abouj/1 % by weight, when calculated on an atomic 

15 basis, of th^-ctfndensable hydrocarbons/fs sulfur. 



1 784. The method of claim 1 7^6, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abouto % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
20 containing compounds/Comprise phenols. 
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1785. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1786/ The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprise§jiiulti-ring^romatics wiih more than two rings. " ' 
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1787. TTiPjii etbod of rln im 1 766 , v i r h ? rHn the p Hdj]g*d mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight oftKe^ofidensable 
hydrocarbons are asphaltenes. 

1788. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

""7T™ 

1789. The mepod of fclann 1766, wherehrthe produced mixture cpmprises a non- 
condensable co mpone] it\ wherein the ndn-condensable compm*£nt comprises hydrogen, 



wherein the hy< 
component, and 1 
condensable com 



rogen 




is grater th^n about 10 % by volume of the non-condensable 
in the hydrogen is less than abput 80 % by volume of the non- 
nt. 



1790. The method of claim 1766, wherehr the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %)6y weight of the produced mixture is ammonia. 

1 791 . The method of claim 1 766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1792. The method of claim 1766, further comprising controlling a pressure within at 
least a majority of tjafe selected section of the formation, wherein the controlled pressure 
is at least about 2:0 bar absolute. 



1793. T^e method of claim 1766, further comprising controlling formation conditions to 
product the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1794 The method of claim 1 70^, wWp ^ \h(* portal pr^nm n f -i 
is measilred-^whcirtEe^^ is at a production well. 



470 



Conley, Rose & Tayon, P C. 



formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 1796. The method of claim 1766, further comprising controlling formatioimmditions 
by recirculating a portion of hydrogen from the mixture into the formation. 
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1797. The method of claim 1766, further comprising: 

providing"hydrogen (H2) to the heated section to Ij^cirogenate hydrocarbons 
10 within the section; a^d 

heat/ng a portion of the section^ith heat fi?6m hydrogenation. 



15 



1798. The 



methqd of claim 1766, further comprising: 

hydrogen and condensable hydrocarbons from the formation; and 



20 



prod^cin^: 

hydrogenating a portion of th^produced condensable hydrocarbons with at least a 
portion of the produced hydrogen, 



1799. The method of claina 1766, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1800. The memod of claim 1766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 1801. /The method of claim 1766, further comprising controlling the heat to yield greater 
thai/ about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

[802. The method of claim 1766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
30 the formation ror.eacn production wen 
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14&3LJEh©-mctfl5^ further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit QfHtfeat 
sources comprises a tri^frgul&j; pattern. 



10 



1 804. The method of claim 1 766, further comprising providingjteat from three or more 
heat sources to at least abortion of the formation, wherein three or more of the heat 



sources are 



over an area 



>cated in tne\formation in a^mt of heat sprfrces, wherein the unit of heat 



sources con: prises a thane 



t£rn, and wherein a plurality of the units are repeated 



of the formation to form a repetitive pattern of units. 



1 805. A method of treating a coal fbmiation in situ, comprising: 

providing heat from one pr nore heat sources to at least a portion of the 
formation; 

15 allowing the heat Jxf transfer from the one or more heat sources to a selected 

section of the formatic 

wherein the'selected section has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected section, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
20 oxygen weight percentage of less than about 1 5% when measured on a dry, ash free 
basis; jimd 

producing a mixture from the formation. 



1 806. The method of claim 1 805, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1807. The method of claim 1805, further comprising maintaining a temperature within 
selecied section within a pyrolysis temperature range. 
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1808. Theniethoc 
electrical heaters. 



^wherein the one or more heat sources comprise 



1809. The method of claim 1805, wherein the one or more heat sources copiprise 
5 surface burners. 



1810. The methodj&fekun 1805, wherein the one or more he^sources comprise 
flameless distribifted comb^stors. 

10 1811. The mpthod of cla/m 1 805, wherein ttjetSne^pf more heat sources comprise natural 
distributed combustors. 

1812. The i^ethod oyclaim 1805, further Comprising controlling a pressure and a 
temperature wittmrm least a majority ofahe selected section of the formation, wherein 
15 the pressure is controlled as a functii^n of temperature, or the temperature is controlled as 
a function of pressure. 



13 



1813. The method of claim/1805, further comprising controlling the heat such that an 
average heating rate of th^r selected section is less than about 1 °C per day during 

20 pyrolysis. 

1814. The method of claim 1 805, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
25 sources^ wherein the formation has an average heat capacity (C v ) ? and wherein the heating 
pyr^zes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
therein Pwr is calculated] 
r wr = h*V*C v *p B 
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wherein PwrisJljeJi©atnTf^nergy/day ? h is an average heatingrafe^ 
formatioft^Ts formation bulk density, and wherein the heating rate is less than about\10 
°C/day. 



5 1815. The method of claim 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



^meth^v^f claim 1805, wherein providing he^from the one or more heat 
comprises aeating the selected section such tj^t a thermal conductivity of at least 



1816. Th 
sources 
10 a portion 



1817. Thd method o 
hydrocarbori^av/ng an 



)f the selected section is greater than abmit 0.5 W/(m °C). 




'erem the produced mixture comprises condensable 
at least about 25°. 



15 1818. The method of claim 1 805 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein *roout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1819. The metho^of claim 1 805, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 



1 820. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



[821. The method of claim 1805, wherein the produced mixture comprises condensable 
lydrocarbons, and wherein less than about JJ&by-weigKfT^^ on an atomic 

hafrk, of the conde psab l^rrrtfocarhon^ is oxygen. 



30 
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1§ 22. The me thofj of rlnim 1805, vrhrrpin thr - prnrh ir r r l rnixti irrj^onij^i^r^ condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated orTarTateniic 
basis, of the condensable hydrocarbons is sulfiir. 
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1823. The method of claim 1805, wherein the produced mixture comprises cprfclensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of^ie condensable 
hydrocarbons comprise oxygen containing compounds, and whereip'fhe oxygen 
containing compojunds comprise phenols. 



1824. Thefaethodo 
hydrocarbons, and 




20 



the produced mixture comprises condensable 
!an about 20 °/b by weight of the condensable 
hydrocarbobs are aromatic compounds. 

1825. The mfettfod of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than^about 5 % by weight of the condensable 
hydrocarbons comprises multi-rirfg aromatics with more than two rings. 

1 826. The method of clajm 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asfmaltenes. 



25 
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1 827. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 8£8. The method of claim 1 805, wherein the produced mixture comprises a non- 
j/ondensable component, wherein the non-condensable component comprises hydrogen, 

lerein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by vol 
condensable component. 
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1 829. The method of claim 1 RQ \ wh^rpin thp pmrhir eH mix ture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia? 

1 830. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 



10 



1 83 1 . The methodraf claim 1 805, further comprising controlling a pressur^within at 
least a majority of the selected section of the formation, wherein the coj*frolled pressure 
is at least about 2.0 barlkbsolute. 



1832. Themetho* 
produce the mixturi 
about 0.5 bar. 




ler comprising controlling formation conditions to 
herein a partial pressure of H 2 whlnn the mixture is greater than 



15 1833. The method of claim 1832, wherein th^partial pressure of H 2 within the mixture 
is measured when the mixture is at a produefoon well. 



u 



1 834. The method of claim 1 805, farther comprising altering a pressure within the 
formation to inhibit production o^nydrocarbons from the formation having carbon 
20 numbers greater than about 25/ 



1 835. The method of claim 1 805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from, the mixture into the formation. 

25 1 836. The method of claim 1 805, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the Section; and 

Sating a portion of the section with heat from hydrogenation. 



30 1837.1 The method of claim 1 805, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenatii 
portion of the produced hydrogen. 



lucea condensable hydroc 



at least a 



1 838. The method of claim 1 805, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than abqjun 100 
millidarcy. 
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1 839. The method of claim 1 805, wherein allowing the heat to transfer further 
comprises substamially\niformly increasing a permeability of a m*yority of the selected 



10 section. 



1840. The method of chi 
than about 60 % by weight of 




further q^mprising controlling the heat to yield greater 
le hydrocarbons, as measured by Fischer Assay. 



1 841 . The meth\?d of Qlaim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and whereij/at least about 7 heat sources are disposed in 
the formation for each production well. 

1842. The method of claim 1805, farther comprising providing heat from three or more 
heat sources to at least a portion oi the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1843. The method o&claim 1805, further comprising providing heat from three or more 
25 heat sources to at teast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an apea of the formation to form a repetitive pattern of units. 



30 1844( A method of treating a coal fonnatis 
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"or more heat sources to a selected secfiST 



s'Y* 

u 



providing 
formation; 

allowing the heat to transfer from the one or more heat sources to the seated 
section of the formation to pyrolyze hydrocarbon within the selected sectimrf' 

wherein at least some hydrocarbons within the selected sectiop^iave an initial 
atomiyoxygen weight percentage of less than about 15%; and 
producing a\nixture frofh the formation. 



184:5 
least 



The 



method of claim 1844, wherein the one of more heat sources comprise at 
10 least\two heat sources, and wherein superposition of heat from at least the two heat 
sources^iyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 846. The method of claim 1 84#f further comprising maintaining a temperature within 
15 the selected section within a pyrolysis temperature range 

1847. The method o^daim 1844, wherein the one or more heat sources comprise 
electrical heaters. 

20 1 848. The ryfethod of claim 1 844, wherein the one or more heat sources comprise 
surface burners. 



25 



1 849 . The method of claim 1 844, wherein the one or more heat sources comprise 
tameless distributed combustors. 

1 850. The method of claim 1 844, wherein the one or more heat sources comprise natural 
distributed combustors. 



1851. The method of claim 1 g 44, fiirt hag -^i w r" ij fMti '-Mnh-mlmg a procure and a 
30 temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
junction of prg 

1 852. The method of claim 1 844, further comprising controlling the heat such that ; 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1 853. The mptfood-Qf claim 1 844, wherein providing heat from the p*fe or more heat 
sources to arc least the portion of formation comprises: 

heating a selected volume (V) of the coal formation p6m the one or more heat 
sources, wherein 



pyrolyzes at leas 
therein Y 



\q formation has an average heat capatfty (C v ), and wherein the heating 
some-fty^f6carbons within the selected volume of the formation; and 
wh&eirf'heating energy/day provided to t#e volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enei^y/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1 854. The method of clainal 844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 855. The methota of claim 1 844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of tne selected section is greater than about 0.5 W/(m °C). 



1856y/The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1857. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, atid wherein about 0.1 % by weight to about 15 %^5yl^ereh^ollhe 
condensable hydrocarbons are olefins. 

1858. The method of claim 1844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the nj; 
condensable hym-ocarbohs ranges from about 0.001 to about 0.15. 



Le methop of claim! 1 844, wherein the produced mixtjH'e comprises condensable 
lrocarbons, anfl wherehsless4han about 1 % by weigl^when calculated on an atomic 
le coj/densable hydrocarbons is nitrogen. 



1 860. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than^oout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrop^bons is oxygen. 

1861 . The method of daim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the cojiflensable hydrocarbons is sulfur. 

1862. T#e method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
Staining compounds comprise phenols. 



1863. The method of claim 1844, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein greater than about 20 % by weight of the co ndensable ^ 

hydrocarbons are aromatic compounds. 
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1 864. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydmc^bertsTSM^ierein less than about 5 % by weight of the conctensS 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 865. The method of claim 1 844, wherein the produced mixture comprises condensajaie 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydroc£ri5on^are asphaltenes. 



P 

ffl 
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15 



1 8(j6. The ijndtji^d of claim 1 844, wherein the produced mixti^comprises condensable 
hydrocarbons, andVherein^5out 5 % by weight to about 3jy% by weight of the 
hydrocarbons are cycloalkanes. 



cone 



1 867. The method of claim 1 844, wherein thp'produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than ajbout 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1 868. The method of clmm 1 844, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 869. The methfod of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein t)4e ammonia is used to produce fertilizer. 



25 1 870. The method of claim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at lea^t about 2.0 bar absolute. 



1 87*. The method of claim 1 844, further comprising controlling formation conditions to 
30 ppduce the mixture, wherein a partial pressyis-of^ifTtfiffi mixture is greater than 
xmt 0.5 bar. 
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1872. The method of claim 1871. wherein the partis 



re of Hi within the mixture 



is measuredwhen the mixture is at a production well. 



1 873. The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than abodt 25. 



1 874. The method of claim 1&44 
1 0 by recirculating a portion of HydrWlpn fro 



rther comprising controlling formatioflxonditions 
e mixture into the formation. 
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1 875. The method oft^kjkh 1 844, further comprising: 
providing hydrogen (H2) to the heated section to hy^bgenate hydrocarbons 

within the section; and 

heating a portion of the section with heat fron^hydrogenation. 

1 876. The method of claim 1 844, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of th^produced condensable hydrocarbons with at least a 

portion of the produced hydroger 

1 877. The method of ctefrn 1 844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 878. T#e method of claim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



Ip9. The method of claim 1 844, further comprising controlling the heat to yield greater 

*eaibuns, as measured by Fischer Assay. 



30 than about 60 % by weight of condensable 
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1 880. The method of claim 1 844, wherein producing the mixture co mprises producing 
t^e mixtureTiTaproduction well, and wherein at least about 7 heat sources are disposecTi] 
the formation for each production well. S 



1881. The method of claim 1 844, further comprising providing heat from/fhree or more 
heat sources to at le^^ortioKof the formation, wherein three or more of the heat 
sources are locatedin the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1882. The mettiod of claim 1 844 4 ^fiiiJhefcomprising pttWiding heat from three or more 
heat sources to at least ^portion of the formation, wherein three or more of the heat 
sources are locateoirfihe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repexitive pattern of units. 

1883. A method of treating a coal ftfrmation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat tar transfer from the one or more heat sources to a selected 
section of the formation*; 

wherein the/selected section has been selected for heating using an atomic 
hydrogen to caj#on ratio of at least a portion of hydrocarbons in the selected section, 
wherein at l^ast a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and wherein the atomic hydrogen to 
carhdn ratio is less than about 1.65; and 
/ producing a mixture from the formation. 

1884. The method of claim 1883, wherein the one or more heat sources comprise at 

least two heat sources, and wherein superposition o f heat from at least the two heat 

Sources pyrolyzes at l£ast some hydrocarbons within the selected section of the 
formation. 
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1885. The method of claim 1883, further comprising maintaining a temperature within 

^ . 

the selected section wimin a pyrolysis temperature range: 

1886. The method of claim 1 883, wherein the one or more heat sources comprise ^ 
electrical heaters. 

1 887. The method of claim 18&3*wherein the one or more heat sources comprise , 
surface burners. / \ / 

1888. The methodyfcf clairrN 883, wherein the one ormdre heat sources comprise 
flameless distributed coml/ustqrs. \ / 

1889. The meth^dofclaim 1883, wherein the one or moreb^at sources comprise natural 
distributed combustors. / 

1890. The method of claim 1883, further comprising controlling a pressure and a 
temperature within at least a majority ofthe selected section of the formation, wherein 
the pressure is controlled as a functioffof temperature, or the temperature is controlled as 
a function of pressure. / 

1891. The method of cteim 1883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 892. The^nethod of claim 1 883, wherein providing heat from the one or more heat 
sources/fo at least the portion of formation comprises: 

/ heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pykllyzes at least some hydrocarbons within the selected volume ofthe formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calcidated-by^thtr^quafion: " " 
W = A*F*C v *p 5 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than aboujf 1 0 
°C/day. 



1 893 . The method of claimAl 883,, wherein allowing the heat to transfer composes 
transferring heay substantially by conduction. 



1894. The mefiod of clairi 18^3, 
sources compris^heatipg the selec 
a portion of the selected section is 



wherein GreViding heat from the one or more heat 
ed section such that a thpfmal conductivity of at least 
greater than about 0.5^W/(m °C). 



1 895. The method of claim 1 883, wherein th^produced mixture comprises condensable 
hydrocarbons having an API gravity of aj/least about 25°. 

1896. The method of claim 1£#3, wherein the produced mixture comprises condensable 
hydrocarbons, and whereitfabout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocajtfons are olefins. 

1 897. The irfethod of claim 1 883, wherein the produced mixture comprises non- 
condenssrole hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1898. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
5aS is, uf the condensable hyd rocarbons is nitrogen. " 
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1899. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic^ 
basis, of the condensable hydrocarbons is oxygen. 



1900. The method ofclairh 1 883, wherein the produced mixture cmn^rises condensable 
hydrocarbons, and/Wheitein less than about 1 % by weight, wh^tfcalculated on an atomic 
basis, of the condensable Wdrocarbons is sulfur. 

1901. The method of dlaim 1883, wherein the^duced mixture comprises condensable 
10 hydrocarbons, wheisin about 5 % by weighfto about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



a 



1902. The method of claim/1883, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aronrtatic compounds. 



20 



1903. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbon^; and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25/ 



1904: The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
lydrocarbons are asphaltenes. 

1905. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1W6. The method ol claim 1883, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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component, and whereinrti©^ydrogen is less than about 80 % by volume of the non- 
condensable component. 



5 1907. The method of 
and wherein greater 



1908. Them 
and wherein the 




oduced mixture comprises amplonia, 
of the produced mixture is / ammonia. 



1883, wherein the produced mixture^mprises ammonia, 
lonia is used to produce fertilizer. 



1909. The method of claim 1883, further comprising/Jontrolling a pressure within at 
least a majority of the selected section of the form^uon, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

15 1910. The method of claim 1 883, furthgf comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1911. The method of clain/l 9 1 0, wherein the partial pressure of H2 within the mixture 
20 is measured when the mixture is at a production well. 



25 



30 



1912. The methop of claim 1 883, further comprising altering a pressure within the 
formation to injaubit production of hydrocarbons from the formation having carbon 
numbers gremer than about 25. 

1913. /The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 




>14. Themethoi 



her comprising; 



providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 
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roi tne section with heat from hydrogenation." 

1915. The method of claim 1883, further comprising : 

producing hydrogen and condensable hydrocarbons from the formaJ*6n; and 
hydrogenating a portion of the produced condensable hydrocarljmis with at least a 

portion of the produced hydrogen. 



□ 



1A$ 



10 



1916. The method of claim 1 883, wherein allowing the heatyto transfer comprises 



increasing a pjbrmeabi 
millidarcy. 



i\y of a majority of the selected section to greater than about 100 



1917. The mettiod of claim 1 883, wherein allowing the heat to transfer comprises 
substantially unitbrmly increasing a permeability of a majority of the selected section. 



I-J 

r 5 



15 1918. The method of claim 1 883, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1919. The method of claim 1 #83, wherein producing the mixture comprises producing 
the mixture in a production/well, and wherein at least about 7 heat sources are disposed in 
20 the formation for each Deduction well. 



25 



1 920. The metWl of claim 1 883, further comprising providing heat from three or more 
heat sources tc/at least a portion of the formation, wherein three or more of the heat 
sources are/iocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources Comprises a triangular pattern. 



30 



1934 . The method of claim 1 883, further comprising providing heat from three or more 

£at sources to at least a portion of the formation, wherein three or more of the heat 
Sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources compri ses a trian gulan-patternrana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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11922. A method of treat ing a ™ nl farrnntinn in ritn rnmprj<;in£^ 

providing heat from one or more heat sources to a selected sectioncJf-ttie 
formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have ^n initial 
atomic hydrogen to carbon-ratio greater than about 0.70; 

wherein theyinitial atQmic%drogen to carbon ration is less than/&bout 1.65; and 
producing a mixture fiifom the^ formation. 



1 923 . The me thod of claim 1/922, w! 



r^he or more heat sources comprise at 



least two heat s 
sources pyrolyze; 
formation. 




erein superposition of heat ftom at least the two heat 
6me hydrocarbons within th?r selected section of the 



1924. The method of claim 1922, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

20 1925. The method of claim 1922/wherein the one or more heat sources comprise 
electrical heaters. 



25 



1926. The method of^elaim 1922, wherein the one or more heat sources comprise 
surface burners. 

1927. The^nethod of claim 1922, wherein the one or more heat sources comprise 
flamele^s distributed combustors. 



$2$. The method of claim 1922, wherein the one or mor e heat scoi rce^ compr tse naiuraT 
30 (distributed combustors. 
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1 929. Themethod-iif^^ turtner comprising controlling a pressure 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1930. The method of claim 1922, further comprising controlling the heat such that : 
average heating rate of the selected section is less than about 1 °C per day during^ 
pyrolysis. 



m 
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10 1 93 1 . The method of claim B922, wherein providing heat from the ope or more heat 
sources to at least the portion of formation comprises; 

heating a selected volumeW) of the coaj^formation frorf the one or more heat 
sources, wheAin the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at leasts^ome hydrocarbons within the selectea volume of the formation; and 
15 wherein heating energy/day provided to th^/volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enep^y/day, h is an average heating rate of the 
formation, p B is formation bulk deputy, and wherein the heating rate is less than about 10 
20 °C/day. 



1932. The method of^aim 1922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 1933. The^method of claim 1922, wherein providing heat from the one or more heat 

source^comprises heating the selected section such that a thermal conductivity of at least 
a pdrtion of the selected section is greater than about 0.5 W/(m °C). 



J 934. The method of claim 1 922^w]i£i£in4he ^duced inix L U xe Con ipiises cuuden s 
30 hydrocarbons Having an API gravity of at least about 25°. 
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1935. Thejnetbodj j f claiur tfrZ2, wherein the produced"im?eteexQmprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight oi 
condensable hydrocarbons are olefins. 



10 



1936. The method of claim 1922, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the in- 
condensable hydrocafKons>anges from about 0.001 to about 0.15. 



1922, wherein the produced mixture comprises condensable 

ight, when'calculated on an atomic 




15 



1937. Theme 
hydrocarbons 
basis, of the cc 



1938. The metftpd of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % b/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



ill 
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1939. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1940. The method of claun 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein ifoout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing comnminds comprise phenols. 

1941 . TJae method of claim 1922, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein greater than about 20 % by weight of the conden sable 

hydrocarbons are aromatic compouj: 
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1 942. The method of claim 1 92: 



tc piuduced mixiure comprised condcnsafek 



hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1943. The metho4-ofclainj 1922, wherein the produced mixture comprises condensable 
hydrocarbons, atfid whereirfile^ than about 0.3 % by weight of the^tfndensable 
hydrocarbons are asphaltenfes. 



E ^ 

b 



1944. The method of claim 1 925TwIierein the produ^d mixture comprises condensable 
10 hydrocarbems, and wherein about 5 % by weighty© about 30 % by weight of the 

condensable nydrocapoons are cycloalkanes. 

1945. The method of claim 1922, wjferein the produced mixture comprises a non- 
condensable component, wherein *ne non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein th^r hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1946. The method/m claim 1922, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1947. The/method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1 948. The method of claim 1922, further comprising controlling a pressure within at 
fast a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1949. The method of claim 1922, further comprising^ 



tion conditions to 



30 produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 
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Temethod of claim 1 949, wherein the partial pressure of H2 within thermxt 
is measured when the mixture is at a production well. 



5 1951. The method of claim 1 922, further comprising altering a pressure^thin the 
formation to inhibit production of hydrocarbons from the formatio^Having carbon 
numbers greater thap-ab©]ut 25. 



1952. Theriiethodo 
1 0 by recirculating a portif) 



^laim 1922, further comprising^ntrolling formation conditions 
of hydrogen from the nature into the formation. 



1953. ithe method of claim 1922, further comprising: 

providing hydrogen (H2) to the J^eated section to hydrogenate hydrocarbons 
within the secTTSn; and 
15 heating a portion of the sejzftion with heat from hydrogenation. 



20 



1954. The method of clainr 1922, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenatina^ portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



25 



1955. The mfethod of claim 1922, wherein allowing the heat to transfer comprises 
increasing/a permeability of a majority of the selected section to greater than about 100 
millidarey. 

195t>. The method of claim 1922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1957. The method of claim 1922^i]lherc5inprising controlling the heat to yield greater 
30 Itk^n about 60 - %uby-weigEt of condensable hydrocarbons, as measured by Fischer Assay. 
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1 958. The method Of Claim 1 922, whprpi n prnrhirinp thn mnrtnrn onmprirpr p r n H^^in^ 

the mixUu^io-a-TJTSauction well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1959. The method of claim 1922, further comprising providing heat from three or nrore 
heat sources to at least a portion of the formation, wherein three or more of thereat 
sources are located in the^wjnation in a unit of heat sources, and wherehvtiie unit of heat 
sources comprises a/triangular pattern. 



10 1 960. The methc d of claim 



heat sources to at 



east aponion 



)22, further comjmsing providing heat from three or more 



lation, whereij/three or more of the heat 



sources are located in the formation in a unit of heat s0urces, wherein the unit of heat 
sources comprises aStrianallar pattern, and whereip a plurality of the units are repeate< 
over an area of the formation to form a repetitive pattern of units. 



1961. A method of treating a coal formation in situ, comprising: 

providing heat from one or n^re heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the4iydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
least a portion pf the hydrocarbons in the selected section is less than about 0.15 and 

producing a mixture from the formation. 



30 



1962. TThe method of claim 1961, wherein the one or more heat sources comprise at 
least t\£o heat sources, and wherein superposition of heatji^iiKhaHeasfthe two heat 
sources pyrolyzes at least some h^dioc^bOnslvithin the selected section of the 
formation. 
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1 963 . The i nelliod ot claim 1 96 1 , further comprising ma 
the selected section within a pyrolysis temperature range. 



mature within 



1964. The method of claim 1961, wherein the one or more heat sources comprise 
electrical heaters. 



1 965 . The method of cfaimj 96 1 , wherein the one or more heat source^omprise 
surface burners. 



1966. Themethcd 
flameless distribu 



of clair^\|961, wherein the one or monj^eat sources comprise 
:ed combi 



istor 



1 967. The method )tf claimJ 1961, wherein the cjne or more heat sources comprise natural 
distributed combustors. 



1968. The method of claim 1961, further comprising controlling a pressure and a 
temperature within at least a majority/6f the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1969. The method of clairfi 1961, further comprising controlling the heat such that an 
average heating rate of Jiie selected section is less than about 1 °C per day during 
pyrolysis. 



1970. The m^fhod of claim 1961, wherein providing heat from the one or more heat 
sources to A least the portion of formation comprises: 

•feating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity^C^L^^ Hie healing" 

pyrowzes at least some hydroczuj^onsAv^^ volume of the formation; and 
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wh^iiHieafingenergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less tjjaff about 10 
°C/day. 



1971. Themethoc 
transferring heat 





1961, wherein allowing the heat Jjgftransfer comprises 
substantial!^ by conduction. 



1972. The method ©f claim 1961>wh€rein providing heat from the one or more heat 
sources comprises heating/the selected section^uch that a thermal conductivity of at least 
a portion of the selected section is greater tHan about 0.5 W/(m °C). 



1973. The method of claim 1961, Wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 974. The method of clabn 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and whepein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 975. The method of claim 1 96 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensabie hydrocarbons ranges from about 0.001 to about 0.15. 



1976./ The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouH%J 
basis, oftfae conden sabtgH5^rocarbons is nitrogen. 



Ten calculated on an atomic 
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4W?r* - TKelne5i^ of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomip 
basis, of the condensable hydrocarbons is oxygen. 



10 



1978. The method of claim 1961, wherein the produced mixture comprises/condensable 
hydrocarbons, arfawherein less than about 1 % by weight, when calculated on an atomic 
basis, of the ^ondensable hydrocarbons is sulfur. 

1979. The method of Qlaiih456i<^nerein the produced mixture comprises condensable 
hydrocarbon^, wherein kbout 5 % by weight to about 30 3^o by weight of the condensable 
hydrocarbons CK^mprise oxygen containing compoun^, and wherein the oxygen 
containing compounds comprise phenols. 



I** 



E^ 
*e=9 



1980. The method of claim 1961, wherei^the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater th^about 20 % by weight of the condensable 

hydrocarbons are aromatic compourfds. 

1981. The method of claim/1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



1982. The mejftod of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbon^, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1983/ The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1 9£4. The method of claim 1961, wherein the produced mixture comprises a non- 

cona&ngable component, vvjigreinJhe-fle n - condcn3ablc com p on c n t- comprisG s4iydrQg£ii > ___ 
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wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, andj*4ie^ non- 
condensable component. 

1985. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia 

1986. The method of claim 1961, wherein the produced mixture comprises atpmonia, 
and wherein the ammomans used to produce fertilizer. 

1987. The method of claim 1961, further comprising controlling ^pressure within at 
least a majority of the selected section of the formatjotffwher^m the controlled pressure 
is at least abouy 2.0 bar absolute 

1988. The mew^dpr claim 1961, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1989. The method of claim 1988,;wherein the partial pressure of H2 within the mixture 
is measured when the mixture i^at a production well. 

1 990. The method of clmm 1961, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater tlwi about 25. 

1991 . The rafethod of claim 1961, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1 992 . Tftie method of claim 1961, further^cQiiiprisiftgf 



providing hydrog£ir(H2^o the heated section to hydrogenate hydrocarbons 
within the section; and 
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heating a portion^ 




1 993 . The method of claim 1961, further comprising; 

producing hydrogen and condensable hydrocarbons from the formation; ifnd 
hydrogenating a portion of the produced condensable hydrocarbons \yfth at least a 

portion of the produced hydrogen. 



1 994. The method of claim 1961, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected sectioyro greater than about 100 
millidarcy. 



comprise: 
section. 



1 995 . Tl le method of claim 196 1 , wherein ; 



\g the heat to transfer further 



substantially uniforrnlyTiT5feasing a/permeability of a majority of the selected 



1996. The method of claim 1961, fyfther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 997. The method of claiirr 1961, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each/production well. 

1998. The method of claim 1961, further comprising providing heat from three or more 
heat sources to4t least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 999. Ttje method of claim 1961, fiirthei^coni|Hi^^ heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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5fTseTatriangular pattern, and wherein a plurality of the~units are 
over an area of the formation to form a repetitive pattern of units. 



2000. A method of treating a coal formation in situ, comprising 
providing heat from one or more heat sources to a select^section of the 

formation; 

allowing the heat to transfer from the one or more^eat sources to the selected 
section of the formation to pyrolyze hydrocarbons wijiiin the selected section; 

whefdnat l^ast some hydrocarbons within/me selected section have an initial 
10 atomic o/ygen to carbon ratio greater than about 0.025; 

whereiri the initial atomic oxygen to'carbon ratio is less than about 0.15; and 
producing a mixture from the formation. 

2001 . TRemethod of claim 2000ywherein the one or more heat sources comprise at 
15 least two- heat sources, and whepein superposition of heat from at least the two heat 

sources pyrolyzes at least sorpe hydrocarbons within the selected section of the 
formation. 



led? 
I » 



2002. The method of claim 2000, further comprising maintaining a temperature within 
20 the selected sectioiVwithin a pyrolysis temperature range. 



2003. The mefhod of claim 2000, wherein the one or more heat sources comprise 
electrical heaters. 

25 2004. T/he method of claim 2000, wherein the one or more heat sources comprise 
surface'burners. 



30 



2003. The method of claim 2000, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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?OO^TTT^n^ ^thnrl_ ^ f rlnim ^000 , wh r rrin the nneor more heat sources comprise natural 
distributed combustors. 



2007. The method of claim 2000, further comprising controlling a pressure ^nd a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temp^p^ture is controlled as, 
a function of pressure. 



2008. Therafeth^i 
average heatfing 
pyrolysis. 



of claim 2000, further comprisingxiontrolling the heat such that an 
jf the selected section is lessinan about 1 °C per day during 



2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of fonnation comprises: 

heating a selected volume^ V) of the coal formation from the one or more heat 
sources, wherein the fonnation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating>energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calcinated by the equation: 

Pwr = h*VrC v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2010. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 1 A . The method of claim 2000, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a ther mal conductivity of at least 
a portioiTftkU ig selecte d-seetioii is uTeater than about 0.5 W/(m °C). 
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- comp oses. 



hydrocarbons having an API gravity of at least about 25 c 



2013. The method of claim 2000, wherein the produced mixture comprise/ condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



10 



15 



20 



2014. The method of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of^thene to ethane in the non- 
condensable h^dr^arbons ranges from about O.OOT^about 0.15. 

2015. The : nethodW claim 2000; wherein tWproduced mixture comprises condensable 



hydrocarbon! 



and wnetein-kss than about/1 % by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons/fs nitrogen. 

2016. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2017. The method of aflaim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wWerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2018. The metMod of claim 2000, wherein the produced mixture comprises condensable 
25 hydrocarbons, therein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons/comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2019. Thel method of claim 2000, wherein the produced mixture comprises condensable 
30 hydrocarbon^ and wherein greater than about 20 % by weig ht of the condensabl 
hydrocarbons arfe^aromatic comi 
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2020. TTvMTiethnri uT i l. i i i n ^ftOft, vilifiHll l l i f | ii mlnn d miytiirf c o mprises condensab le 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings^ 



m 



2021 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 0.3 % hyweiglu of the condensable 
hydrocarbons are aspl 



lenes. 



10 2022. The method f>f claim 2000, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkzfnes. 

2023. The method of claim 2000, wherein the produced mixture comprises a non- 
15 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



20 2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



25 



2025/ The method of claim 2000, wherein the produced mixture comprises ammonia, 
and^ wherein the ammonia is used to produce fertilizer. 

'2026. The method of claim 2000, further comprising controlling jy^rgssui^-withn^ 
least a majority of the selected section qTrtiaiofm^^ the controlled pressure 

is at least about 2.0 bar-abstftute. 
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2027 ; ^Ihe-4Retfaod^fcIaim 2UUU, turther comprising controlling tbrmation coiidiLiuns-tj 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater 
about 0.5 bar. 



5 2028. The method of claim 2027, wherein the partial pressure of H2 ^thin the mixture 
is measured when the mixture is at a production well. 

2029. The method of^laim 2000, further comprising altenng a pressure within the 
formation to inhibi/produciion of hydrocarbons fromjme formation having carbon 



1 0 numbers greater tl 



2030. Themetho 



an about V5. 



of c/aim 2000, further ccfmprising controlling formation conditions 



by recirculating a portion of hydrogen from the mixture into the formation. 



1 5 203 1 . The method of claim 2000,/further comprising: 

providing hydrogen (H2)4o the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



0 



20 2032. The method of claim 2000, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the ^produced hydrogen. 



25 2033. T#e method of claim 2000, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2034 The method of claim 2000, wherein allowing the heat to transfer further 
30 compn^substantially uniformly increasing a permeability of a majority of the selected 
section. 
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than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2036. The method of claim 2000, wherein producing the mixture comprises ppdaucing 
the mixture in a production well, and wherein at least about 7 heat sources^fre disposed in 
the formation for each production well. 



2037. The method of claim 2000, further comprising providing heat from three or more 
10 heat sources to fi least a portibn of the formation, wherein tfiree or more of the heat 

sources are loqbted in thfc formation in a unit of heat soyrces, and wherein the unit of heat 
sources composes a tn^ng^iar pattern. 

2038. The method of claim 2000, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in & unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



20 2039. A method of treating a coal formation in situ, comprising: 

providing heat fpm one or more heat sources to at least a portion of the 
formation; 

allowing th£ heat to transfer from the one or more heat sources to a selected 
section of the formation; 
25 wherein the selected section has been selected for heating using a moisture 

content in me selected section, and wherein at least a portion of the selected section 
comprise/ a moisture content of less than about 15%; and 
producing a mixture from the formation. 



30 2040. The melhud of claim 2039, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
" formation! 

2041 . The method of claim 2039, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 



2042. The method of claim 2039, wherein the one or more heat sources comprise 
electrical heaters. 



□ 



13 
m 



10 2043. The methetfho^claim 2039, wherein the one or more heat sources comprise 
surface burners. 



15 



20 



2044. T 
flameless 




in the one or mpfe heat sources comprise 



2045. The^iuethod of claim 2039, wherein^he one or more heat sources comprise natural 
distributed combustors. 

2046. The method of claim 203$, further comprising controlling a pressure and a 
temperature within at least ^majority of the selected section of the formation, wherein 
the pressure is controllecj/as a function of temperature, or the temperature is controlled as 
a function of pressure 



2047. The method of claim 2039, further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis/ 



2048;. The method of claim 2039, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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10 



* — heali ra^a-sefeCTeHvolume (V) of the coal formation from the one^oT 
sources, wherein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and^ 

wherein heating energy/day provided to the volume is equal to or less tha 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the Jlaeating energy/day, h is an average heating rate of the 
formation, p B is formation bu^k density, and wherein the homing rate is less than about 10 
°C/day. / \ 



2049. Themetlkodof 



lerein allowing the heat to transfer comprises 



transferring heat substantially by conduction. 



2050. The method of claim 2039/wherein providing heat from the one or more heat 
15 sources comprises heating the fleeted section such that a thermal conductivity of at least 
a portion of the selected se^on is greater than about 0.5 W/(m °C). 



iU 

Sen* 
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205 1 . The method ofclaim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2052. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 2053/ The method of claim 2039, wherein the produced mixture comprises non- 
conaensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
connensable hydrocarbons ranges from about 0.001 to about 0.15. 



2054. x Etie method of claim 2039, wherein the produced mix 
30 hydrocarbons, ancTwherein less thairabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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■ 2055 : — TheTnetEod of claim 2039, wherein the produced mixture compnse?ctrndensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2056. The method of claim 2039, wherein the produced mixture comj5rises condensable 
hydrocarbons, and wl^ererrKkss than about 1 % by weight, whenxJalculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

2057. The method of claim 2039, wherein the^rcxklced mixture comprises condensable 
hydrocarbons] whereiiykbout 5^%-by-Weight to^tbout 30 % by weight of the condensable 
hydrocarbons Comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenoj^ 

2058. The method of claim 2019, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatkr impounds. 

2059. The method/of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, aira wherein less than about 5 % by weight of the condensable 
hydrocarbons/comprises multi-ring aromatics with more than two rings. 

2060. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2f06 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
iWrocarbons, andwhereioabeut-5-%^ to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 
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2062. The method of claim 2039, wherein the produced mixture comprises a non- 
"c uudensable compon ent, wherein the non-condensable component comprises hydrogen; 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non-, 
condensable component. 



2063. The method 
and wherein gre; 



1039, wherein the produced mixture cpmprises ammonia, 
than afijo\k 0.05 % by weight of the produe^d mixture is ammonia. 



10 2064. The mefthod of cl 
and wherein the ammor 



im 2()39, wherein the produced mixture comprises ammonia, 
is used to prodyec fertilizer. 



2065. The methOT of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected seefton of the formation, wherein the controlled pressure 

15 is at least about 2.0 bar absolute. 

2066. The method \m claim 2039, further comprising controlling formation conditions to 
produce the mi^tw-e, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bs 

20 

2067. /The method of claim 2066, wherein the partial pressure of H 2 within the mixture 
is ntfeasured when the mixture is at a production well. 

'2068. The method of claim 2039, further comprising altering a pressure within the 
25 ( formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



30 



2069>-Tliemethod of claim 2039, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the roffiiHtrotfc 



2070. The method of claim 2039, further comprising: 
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providing hydrogen tn the h^teH sprtinn to liydrog^j^j^y^^^^^g 
-the^eCfionTand 

heating a portion of the section with heat from hydrogenation. 



139 



2071 . The method of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formationiaifcl 
hydrogenating^r]5drtion of the produced condensable hydrocarbon^with at least a 

portion of the prodifced hydrogen. 



10 2072. Themethbd 

increasing a perr leabilijty* 
millidarcy. 



aim 2039, wherein allowing the hpmto transfer comprises 
f a majority of the sel^cfecLsection to greater than about 100 



2073. The methoasoF claim 2039, wherein allowing the heat to transfer further 
15 comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



20 



2074. The method of clahn 2039, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2075. The methcrcl of claim 2039, wherein producing the mixture comprises producing 
the mixture in/ production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 2076. /The method of claim 2039, further comprising providing heat from three or more 
heat &6urces to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sourcescomprises a triangular pattern. 

30 2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
■sotlfcescomprises a triangular pattern, and wherein a pluraHty^TtheHinits are repeated 
over an area of the formation to form a repetitive pattern of units. ^\ 



2078. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of t\ 
formation; 

allowing the heat to transfer from the one or more heat source^/fo the selected 
section of the formation; 

wherein at least a portion of the selected section has ^initial moisture content of 
less than aboutX 5%; and 

roducing\mixture from the formation. 

2079^. The qfethod of claim 2078, wherein throne or more heat sources comprise at 
leas!t two h^at sourc es, and wherein superstition of heat from at least the two heat 
soi xces pyrolyzes afTeasFsome hydroc^bons within the selected section of the 
formation. 



2080. The method of claim 2078, further comprising maintaining a temperature within 
the selected section within/a pyrolysis temperature range. 

2081 . The method pf claim 2078, wherein the one or more heat sources comprise 
electrical heaters/ 

2082. Thgmethod of claim 2078, wherein the one or more heat sources comprise 
surface/burners. 



2083. The method of claim 2078, wherein the one or more heat sou rces comprise 
/nameless distributed combustors. 
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2084. The, 
distributed combustors. 



^rein tne one 



■SWT 

m 



10 



15 



20 



2085. The method of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, waerein 
the pressure is controllers a function of temperature, or the temperatur^controlled as 
a function of pressure, i 

mprising controlling the heat such that an 



2086. The method of el 
average heating rat 
pyrolysis. 




e selected section is less^man about 1 °C per day during 



2087. The method of claim 2078/wherein providing heat from the one or more heat 
sources to at least the portion^f formation comprises: 

heating a selected^ lume (V) of the coal formation from the one or more heat 
sources, wherein therormation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least^some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein/Vr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
'formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
>C/day. 



25 \ 2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
tr^nsterring heat substantially by conduction. 



30 



2089. The method of claim 2078, wherein providing heatfronHK^Tme-e^^^ 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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9QQ0 The method of H aim 20 78, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity ofatleasTBbeuL25°. 

2091 . The method of claim 2078, wherein the produced mixture comprises conHiSsable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight^rfthe 
condensable hydrocarbons are olefins. 



10 



2092. The method of claim 2078, wherein the produced mix&ire comprises non- 
condensable hydrocarbons and wherein a molar ratio of^mene to ethane in the non- 
condensable hydrocarbon«lranges from about 0.001 m ibout 0.15. 



m 
n 



15 



2093. The method of cflaimS2078, wherein tire produced mixture comprises condensable 
hydrocarbons, andwnerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 2095. The methoa of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, /nd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the/condensable hydrocarbons is sulfur. 



2096. /he method of claim 2078, wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hyd/ocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2097. The method of claim 2078, wherein the produced mixture comprises condensable 
30 hydro carbons, and wheieiii giealer lliaii about 20 % by wei ght of the con densable 

hydrocarbons are aromatic compounds. 
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2098. TTi^jaiethethrt claim 2U /8, wherein the produced mixture-comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



l 2 I 



2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 




rlaim 2078, wherein the producecLmixture comprises condensable 
rein about 5 % by weight to a^mit 30 % by weight of the 
ns are cyjdoalkanes. 




10 2100. The 
hydrocarb 
condensal 



2101. ThV mejhod of claim 2078, wherein the produced mixture comprises a non- 
15 condensable component, wherein the non-e!ondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogei/is less than about 80 % by volume of the non- 
condensable component. 



20 2102. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than aboui 0.05 % by weight of the produced mixture is ammonia. 



25 



2103. The method of claim / 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia ys used to produce fertilizer. 



2104. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selected secti 
is at least/about 2J)-bafabsolute. 



ration, wherein the controlled pressure^ 
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2105. The method of claim 2^2Sr-ftirtSercomprising controllingTStm^tion conditions to 
produceJhejni?etafe^ a partial pressure of H2 within the mixture is^reater than 
about 0.5 bar. 



5 2 1 06. The method of claim 2105, wherein the partial pressure of H2 ^fthin the mixture 
is measured when the mixture is at a production well. 



"V™ 



O 

*BSBI 



2 1 07. The method of claim 2078, further comprising altering a pressure within the 
formation to mhibit production ofhydrocarbons from tWformation having carbon 



10 m 



21 



Lbers greater than about 25^ 



)8. The method of claim 2078, further comprising controlling formation conditions 



by recirculating a portion of hydrogen from the mixture into the formation. 

15 2 1 09. The method of claim 2078/further comprising: 

providing hydrogen (Hz9 to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portioi/of the section with heat from hydrogenation. 

20 2110. The meth0a of claim 2078, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hycfrogenating a portion of the produced condensable hydrocarbons with at least a 
portion ot the produced hydrogen. 



25 21 14 . The method of claim 2078, wherein allowing the heat to transfer comprises 

ipfcreasing a permeability of a majority of the selected section to greater than aboutJJML 
lillidarcy. 



UL_Lt 




of claim 2078, wherein allowing the heat to transfer further 



30 comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 
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2113. The metho£D>£elaiflrZ078^ further comprising controlling the heatto^ieidjgreater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay> 



21 14. The method of claim 2078, wherein producing the mixture comprises producir 
the mixture in a production well, and wherein at least about 7 heat sources are disgtfsed in 
the formation for each production well. 



"F- 



21 15. The method of claim\2078, further comprising providing heaj^rom three or more 
10 heat sources tgf at least a| portion of the formation, wherein threexfr more of the heat 

sources are located in thb fdnnation in a unit of heat source^and wherein the unit of heat 
sources comprises a tnafrgular pattern!^ 



2116. The merhpd of claim 2078, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation irra unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation y6 form a repetitive pattern of units. 

20 2117. A method of trotting a coal formation in situ, comprising: 

providing hpdt from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of Xm formation; 
25 wherein the selected section is heated in a reducing environment during at least a 

portion/of the time that the selected section is being heated; and 
producing a mixture from the formation. 



2118. ^Qie method of claim 2117, whereiriJh&-erte - 5Fmore heat sources comprise at 
30 least two heat Sources, and wherein superposition of heat from at least the two heat 
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s at least some hydrocarbons within the selected section of the 



formation. 



2119. The method of claim 2117, further comprising maintaining a temperatur^within 
5 the selected section within a pyrolysis temperature range. 




2120. The methad of claim 2117, wherein the one or more heat §0urces comprise 
electrical heaters. 

10 2121. The method) o^claim 2117, \yfierein the one qpfnore heat sources comprise 
surface bdaners. 

2 1 22. The mfctiioa of claim 2117, wher^n the one or more heat sources comprise 
flameless distributed combustors. 



2123. The method of claim 2^17, wherein the one or more heat sources comprise natural 
distributed combustors. 



2124. The method of claim 2117, further comprising controlling a pressure and a 
20 temperature witlun at least a majority of the selected section of the formation, wherein 
the pressure is/controlled as a function of temperature, or the temperature is controlled as 
a function or pressure. 



2125. /The method of claim 2117, further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 
pwolysis. 



[126. The method of claim 2117, wherein providing heat from the one or more heat 
souses to at least the portioniiuo^mtroi^ 
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heating a selected volume (JO of the coal formation from the one or more heat 
sources, whereinjk&j^^ average heat capacity (C v ), and wherein theheat 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the/ 
formation, p B is formation bulk density, and wherein the heating rate is less tpan about 10 
°C/day. 



2127. The method of clal 




wherein allowing the heat to transfer comprises 



transferring he; it substantia 



2128. The meth(5^ofcla^m 2117, wherein providin^tfeat from the one or more heat 
sources comprises heating the selected section suda that a thermal conductivity of at least 
a portion of the selected section is greater than^oout 0.5 W/(m °C). 



m 



20 



2 1 29. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity off at least about 25°. 

2130. The method of claim 2147, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein sroout 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 2131. The method^bf claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2132. /The method of claim 2117, wherein the produggxUziix^^ condensable 
30 hydrocarbons, and wherein lessJhan-aEoutl % by weight, when calculated on an atomic 
bafts, of the conds»sd5lehydrocarbons is nitrogen. 
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2133. The method of claim 2117, whereiiiJlie-p ^ mixluic comyiises cuti etensaaie 
hydrocarbonsjyad-^^ than about 1 % by weight, when calculated on an atomic 

"l5asTs7of the condensable hydrocarbons is oxygen. 



2134. The method of claim 2117, wherein the produced mixture comprises condensable, 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomy; 
basis, of the condensaj^leilyaro£rari)ons is sulfur. 



13 

i 1 p 
-s=r 



10 2135. The method of claim 2117, wherein the produced mixture comprise^condensable 
hydrocarbons, wherein abtmt 5 % by weight to about 30 % by weight offhe condensable 
hydrocarbpns comprise oxygen containing compounds, and wherej**the oxygen 
containing compounds cpmrarise phenols. 



n. 



15 2136. The mfethe€H)f claim 2 1 1 7/\VhereiG4he^roduc£S mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 °^/oy weight of the condensable 
hydrocarbons are aromatic compounds. 

2137. The method of claim 2117, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less than^about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



2138. The method of cMm 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are afsphaltenes. 



30 



2139. The^method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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"M^O. The method of c laim 2117. wherein the prnHnr^H mivtnr ^ comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen^ 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2141. The method 
and wherein greater 



2117, wherein the produced mixture comprise^^nmonia, 
1 0.05 % by weight of the produced mixture is ammonia. 



10 2142. The method 
and wherein t 




of clairp 21[\7 5 wherein the produced mixfrfre comprises ammonia, 
le ammonia is usefci tO<produceTertilizer. 
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2 143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



20 



2 144. The method of claim 2117, fiirjKer comprising controlling formation conditions to 
produce the mixture, wherein a part^il pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2 145. The method of clainyz 144, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2 1 46. The method 01 claim 2117, further comprising altering a pressure within the 
25 formation to inWbit/production of hydrocarbons from the formation having carbon 

numbers greater tnan about 25. 

2147. The/method of claim 2117, further comprising co ntrolling formati 
by recirculating a portion of h^d^agefHTSnT^ into the formation. 

30 



2 1 48. The method of claim 2117, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

*afing a portion of the section with heat from hydrogens 

2 1 49. The method of claim 2117, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least , 

portion of the produced hydrogen. 

2 1 50. The method of claim 2117, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater thaja'about 100 
millidarcy. 



2151. Themethi 
1 5 substantially uniformly 




in allowing the heat tOyfcfansfer comprises 
increasing a permeability of a majority of the selected section. 



2 1 52. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hyckdcarbons, as measured by Fischer Assay. 

20 2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, arm wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2154. The method of dtaim 2117, further comprising providing heat from three or more 
25 heat sources to at le^st a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2155. JThe method of claim 2117, further comprising providing heat from th*§e or more 
heat sources to at least a portion of the formation, whereinihree-QF~n^ the heat 



sources afe^ocatediiTQieformation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2156. A method of treating a coal formation in situ, comprising: 
heating a fb>3t section of the formation to produce a mixture fronrfHe formation; 
heating ar second section\>f the formation; and 

recirculating a portion of the produced mixture from the fir st section into the 
second section of the formation to provide a reducing envirpiiment within the second 
section of the [formation. 

2 1 57. The method of clahh 2156, further composing maintaining a temperature within 
the first section or tfe^cond section within ^apyro lysis temperature range. 

2158. The method of claim 21 56, wherein heating the first or the second section 
comprises heating with an electricarheater. 

2 1 59. The method of claimXl 56, wherein heating the first or the second section 
comprises heating with a siurface burner. 

2160. The method/of claim 2156, wherein heating the first or the second section 
comprises heating with a flameless distributed combustor. 

2161. The4nethod of claim 2156, wherein heating the first or the second section 
comprises heating with a natural distributed combustor. 



2102. The method of claim 2156, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temp erature, or the te mperature is 
controlled as a function 
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2163. The method of claim 2156, further comprising controll ing the heat such that an 

tmgrateof the first or the second section is less than about 1 °CpeF3a3 
during pyrolysis. 



2164. The method 
comprises: 

heating a se 



sources, wherein th t formation h; 
pyrolyzes at least s( 
wherein heal 
wherein Pwr is calculi 




in heating the first or the second section 

coal formation from one or more hdat 
ver^ge heat capacity (C v ), and wl^efein the heating 
the selected volume of*ne formation; and 
provided to the volume is ^qual to or less than Pwr, 
y the equation: 



15 



Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h isrfm average heating rate of the 
formation, p B is formation bulk density, and vfiertin the heating rate is less than about 10 
°C/day. 



20 



2165. The method of claim 2156^/wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 

2 1 66. The method of claim 2156, wherein heating the first or the second section 
comprises heating th^r first or the second section such that a thermal conductivity of at 
least a portion of tne first or the second section is greater than about 0.5 W/(m °C). 



2 1 67. The fnethod of claim 2156, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

2168. / The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 
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2 1 69. The method of claim 21 56. wherei n the prmh ir H mixtur e ro mprirrf 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



.ZZ 



f-£. 



m 
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2170. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, andja^herein less than about 1 % by weight, when calculate^xdn an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2171. Thi 
hydrocarbc 
basis, of the^ondens 




wherein the produced mature comprises condensable 
y o by wejght, when calculated on an atomic 
is oxygen, 
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2 172. The method of claim 2156, where>n the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of4he condensable hydrocarbons is sulfur. 

2 1 73 . The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, wherein^bout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comnnse oxygen containing compounds, and wherein the oxygen 
containing comnminds comprise phenols. 



25 



2 1 74. Theonethod of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2/75. The method of claim 2156, wherein the produced mixture comprises condensable 
lydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than tw o n'"g«a . 
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2176. The method ofdaim-S4-567wherein the produced mixture compnses-eoadensable 

FocarBons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



2177. The method of claim 2156, wherein the produced mixture comprises corjaensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight o^tne 
condensable hydw5carbons are cycloalkanes. 



2178. The method of claim 2156, wherein the produced mixture/xmiprises a non- 
10 condensable component, whetein the non-condensable compojefent comprises hydrogen, 
wherein the hydrogen is greaterthan about 1 0 % by vol^frje of the non-condensable 
component! and wherein tfye hydrogerTteiess^fi^aboi^SO % by volume of the non- 
condensable\omponenL 



15 2 1 79. The method of claim 2156, wherein tne produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2180. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is/ised to produce fertilizer. 



20 



2181. The method of claim 2156, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at/feast about 2.0 bar absolute. 



25 2182. /The method of claim 2156, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
30ut 0.5 bar. 



2183. The method of^laim-St^Twherein the partial pressure of H2 within the mixture 
30 Is measured when the mixture is at a production well. 
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2 1 84. The method of d^uH^^T^CHher comprising altering a pressure witKuTi 

fifto^ inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2185. The method of claim 2156, further comprising: 

providjng-hydragen (H 2 ) to the first or second section to ^drogenate 
hydrocarbons within the ffet or second section; and 

Seating a portion of th^e first or second section \yifh heat from hydrogenation. 

10 2186. The method df claitaj 2 1 K>6, further ptfm#nsing: 

producing hydrogen ancfcon3ensab^ hydrocarbons from the formation; and 
h^drogeriating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

15 2 1 87. The method of claim 2V56, wherein heating the first or the second section 
comprises increasing a perntfeability of a majority of the first or the second section to 
greater than about 100 millidarcy. 



2 1 88. The methocr 3f claim 21 56, wherein heating the first or the second section 
20 comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. 



25 
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2189. Tlie method of claim 2156, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

219y. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2191. 




, further comprising providing heat from three or more 



heat sources to at least a portion of the formation, wherein three or more of the heat 
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gftjirres arp lorateH inJkfvftTffl^ a unit of heat sources, and wherelrT 
sources comprises a triangular pattern. 



lit of heat 



2192. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a port ion o f the formation, wherein three or more of the h^at 
sources are located hvtKe formation lhsa unit of heat sources, wherein the unit^of heat 
sources comprises a triangular pattern, akd wherein a plurality of the unijs are repeated 
over an are^of the formation tq nprm a repetitive pattern of units. 

2193. A method of treating/a coal formation in situ, compri^ng: 
roviding heat froprt one or mor^heat sources^at least a portion of the 

formationpand 

allowing the heat to transfer from the or more heat sources to a selected 
section of the formation such that a permeability of at least a portion of the selected 
section increases to greater than aboufc / f 00 millidarcy. 

2194. The method of claim/2193, wherein the one or more heat sources comprise at 
least two heat sources, aped wherein superposition of heat from at least the two heat 
sources pyrolyzes a^least some hydrocarbons within the selected section of the 
formation. 

2195. Thernethod of claim 2193, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2196. The method of claim 2193, wherein the one or more heat sources comprise 
electrical heaters. 



2\97. The method of claim 2193, whej£dft-the~one or more heat sources comprise 
surfa& 
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, 2198, The jn etbod^^fanTTTT^ wherein the one or more heat sources comprise 
flameless distributed combustors. 



2199. The method of claim 2193, wherein the one or more heat sources coipf5rise natural 
5 distributed combustors. 



u 

: xr 



2200. TT*e method ofclaim 21 93, further comprisingxontrolHtfg a pressure and a 
temperature within at least a majority of the seteetfed sectioFfof the formation, wherein 
the pressure is c<mtrolled as a function of temperature^ the temperature is controlled as 
10 a fi/inction of pressure. 



226(1 . The method of claim 2 1 93, further comprising controlling the heat such that an 
aver^g^hganng rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



15 



2202. The method of claim 24 93, wherein providing heat from the one or more heat 
sources to at least the portijem of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the/formation has an average heat capacity (C v ), and wherein the heating 
20 pyrolyzes at least^ome hydrocarbons within the selected volume of the formation; and 
whereirr heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pw/is calculated by the equation: 
Pylr = h*V*C v *p B 

therein Pwr is the heating energy/day, h is an average heating rate of the 
25 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°^/day. 



30 



2203. The method o£iJaktr2T53, wherein allowing the heat to transfer comprises 
traHsftrrtnglieat substantially by conduction. 
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2204. The method of claim 2193, wherein4WWH*iiiK liearirom ifie one or mc 
sources comprisesJieatifigthe selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2205. The method of claim 2193, further comprising producing a mixture frairfthe 
formation^svKerein thefcoduced mixture comprises condensable hydrocafoons having an 



API gj^vity of at least 



ibout 25°. 



2^06. The method oflclaim 2193, further comprising m^aucing a mixture from the 
10 formation, wherein the prb4uced mixture cpnrlprisesA^ondensable hydrocarbons, and 

ierein about 0.1 ^6 by weight to about 15 % ^/weight of the condensable hydrocarbons 
are otetms. 



E 
Hi 



2207. The method of claim 2193, filrther comprising producing a mixture from the 
15 formation, wherein the produced/fhixture comprises non-condensable hydrocarbons, and 

wherein a molar ratio of ethetfe to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to aboutA15. 

2208. The method of claim 2193, further comprising producing a mixture from the 
20 formation, wherehi the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2209. The method of claim 2 1 93, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



[2210. The method of claim 2193, furthe^-compriSu^ a mixture from the 

30 tb miation, wii ei^iirthg^pn^duced mixture comprises condensable hydrocarbons, and 
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wherein jesaib an abo trti~% by weight, when calculated on an atomic basisToTffe 
condensable hydrocarbons is sulfur. 



if! 



2211. The method of claim 2193, further comprising producing a mixture from ifie 
formation, wherein the produced mixture comprises condensable hydrocarbpffs, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen coptmning compounds, and wherein the oxygen containing^rompounds comprise 
phe 



lenol 



10 22 



foimation, whei 



2. The met lod of claim 2193, fur&^r comprising producing a mixture from the 



;in the produced mixture comprises condensable hydrocarbons, and 



:rein greater tha 



by weight of the/ondensable hydrocarbons are aromatic 



compounds. 



su 



15 22 1 3 . The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than tavo rings. 

20 22 1 4. The method of cla^n 2193, further comprising producing a mixture from the 
formation, wherein the Produced mixture comprises condensable hydrocarbons, and 
wherein less than abjaoit 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



25 22 1 5 . The method of claim 2193, further comprising producing a mixture from the 
formation, xvherein the produced mixture comprises condensable hydrocarbons, and 
wherein gfcout 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cyoloalkanes. 



30 22 1 ^VThe mtfhn(Lc£-ekrtrrTT\ 93 9 further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
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wherein the non-condensahlexo«^onenl compuses hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein \hp 
hydrogen is less than about 80 % by volume of the non-condensable component. 



10 



22 1 7. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and y ytfherein greater than , 
about 0.05 % by weight of the_produced mixture is ammonia. 

2218. The method/of claim 2/193, further comprising raoducing a mixture from the 
formation, wherein the prodyce<^mixture coipprises ^mmonia, and wherein the ammonia 
is used to produce fertilizer 



15 



2219. The methocTof claim 2193, further Comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



20 



2220. The method of claim 2i93, further comprising controlling formation conditions to 
produce a mixture from th^formation, wherein a partial pressure of H2 within the mixture 
is greater than about O.S'bar. 

2221 . The method of claim 2220, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is A a production well. 



25 2222 / The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
ibers greater than about 25. 



2223 . The method of claim 2 1 93 , further comprisingja^dtt^ from the 

30 ffoniation and controlljngjkmrati^^ by recirculating a portion of hydrogen 

from the mixture into the formation. 
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2224. TTiejnethixLGf^^ comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



10 



2225. The method of claim 2193, further comprising: 

produ^inglijnicogen and condensable hydrocarbonp'from the formation; and 
hyorogenating a pqftion of the produced cond^rfsable hydrocarbons with at least a 
portiocf of the produced hydrogen. 



■r* 



222$. The method of>?laim-3^3, further comprising increasing a permeability of a 
majdrity of t#e selected section to greater than about 5 Darcy. 

1 5 2227. The method of claim 2 1 93 / /wherein allowing the heat to transfer comprises 
substantially uniformly increasi/fg a permeability of a majority of the selected section. 



m 



n 
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2228. The method of claim 2193, further comprising controlling the heat to yield greater 
than about 60 % by weignt of condensable hydrocarbons, as measured by Fischer Assay. 

2229. The method/of claim 2193, further comprising producing a mixture in a 
production well, xvherein at least about 7 heat sources are disposed in the formation for 
each production well. 



25 2230. Tfte method of claim 2193, further comprising providing heat from three or more 
heat sodrces to at least a portion of the formation, wherein three or more of the heat 
sour/es are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 22£ 1 . The method of claim 2 1 93, furthgr^GerfipHsing providing heat from three or more 
heat^oiirces to at leasLa-pertion of the formation, wherein three or more of the heat 
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sources are located in t b^ fnmntinn in n unit nf - hont «rmrnnn whrrnin thf-jm jtnf h^at 

sources comprises a triangular pattern, and wherein a plurality of the units are repeat! 
over an area of the formation to form a repetitive pattern of units. 

2232. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of th^ 
formation; and 

allowing the heat to transfer from the one or more heat sources tef a selected 
section of the formatioft-such that a permeability of a majority of at ^ast a portion of the 
selected section^ncreases substantially uniformly. 



2233. The method oflclaim 2232, wherein the one or more heat sources comprise at 
least twa heat sources, mid wherein supejpdsition of hjg!Ht from at least the two heat 
sources oyrolyzes pi least some-hyHrocarbons witljm the selected section of the 
formation 



2234. The method of claim 2232, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2235. The method of clajm 2232, wherein the one or more heat sources comprise 
electrical heaters. 

2236. The mjzmod of claim 2232, wherein the one or more heat sources comprise 
surface burners. 



2ZJ7. The method of claim 2232, wherein the one or more heat sources comprise 
lameless distributed combustors. 




2238. The method of claim 
W distrihii teeheoifn^ustors 



or more heat sources comprise natural 
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139, The method of claim 2232, further co mprising controlling a pressure and a 
temperature Within at least a majority of the selected section of the formation, where!? 
the pressure is controlled as a function of temperature, or the temperature is controjled as 
a function of pressure. 



F 3 



2240. The method o£claim 2232, further comprising controlling thereat such that an 
average heating rafe of the selected section is less than about 1 °Gper day during 
pyrolysis. 



10 2241. The rrethod of claim 



sources to at I 



5rein providing'heat from the one or more heat 



test the portion of formation composes: 
heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbon^within the selected volume of the formation; and 
15 wherein heating energy/d^y provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by^me equation: 
Pwr = h*V*C*py 

wherein Pwr lVthe heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
20 °C/day. 



2242. T#e method of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



243. The method of claim 2232, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 




1 A4. Theji iethod^rfclaim 2232, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 
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2245._JFhelnethod of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and/ 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 
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2246. The method of claim 2232, further comprising producing a mbmire from the 
formatiorijjvherein the produced mixture comprises non-condensame hydrocarbons, and 
s^molar ratio of ethene to ethane in the non-condensate hydrocarbons ranges 
Dl to about 0.15. 




20 



22417. The method~T5f claim 2232, further comprising producing a mixture from the 
forrihatior , wherein the produced mixture composes condensable hydrocarbons, and 
wherfein ljbss than about 1 % by weight, wh^n calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2248. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1/% by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



25 



2249. The metnod of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein tess than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



30 



2250. The method of claim 2232, further comprising produciog-a-rrrixfiSe from the 
formation, wherein the produced mixturgjcompnses condensable hydrocarbons, wherein 
'about 5 % by weig^to^betif30 % by weight of the condensable hydrocarbons comprise 
sn eotitaining compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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Th^wthTyTFTTpl^ir^ 2232, further comprising producing a mixture from 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are arp6iatic 
compounds. 
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2252. The method of claim 2232, further comprising producing a injure from the 
formation, wherein the produced mixture comprises condensabl^fiydrocarbons, and 
wherein less than about 5 % by weight of the condensable ^arocarbons comprises multi- 
ring aromatics with more than two rings. 

2253. The meWxyof claim 2232, further con^frsing producing a mixture from the 
formation, wherein the produced mixture cpfhprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weigl^of the condensable hydrocarbons are 
asphaltenes. 

2254. The method of claim / 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % \0 weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



25 



2255. TWmethod of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
lydrogen is less than about 80 % by volume of the non-condensable component. 



2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture-eempiiseu aimnonia, and wherein greater than 
about 0.05 %J^-wetgEt of the produced mixture is ammonia. 
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2257. The method of claim 2232, further comprising pro ducing a mixture from the 
formation, whej^irL^he-pfoHuced mixture comprises ammonia, andwKef&ia^ie ammonia 
SScTto produce fertilizer. 

5 2258. The method of claim 2232, further comprising controlling a pressure withi*( at 
least a majority of the selected section of the formation, wherein the controlledypressure < 
is at least about 2.0 bar absolute. 

2259. The method of claim 2232, further comprising controlling formation conditions to 
10 produce a mixftire / fr(5mThe formation, wherein a partial pressure/ff H2 within the mixture 

is greater than^oout 0.5 ban 

2260. The method/oiVdaim 2232, furttjertomprising Deducing a mixture from the 
formation, wherein the partial pressure of H2 withir^me mixture is measured when the 

15 mixture is\taproduction well. 

2261. The method of claim 2232, furthej^comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

20 

2262. The method of clahn 2232, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

25 2263. The aiethod of claim 2232, further comprising: 

roviding hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
with^fthe section; and 

heating a portion of the section with heat from hydrogenation. 



30 12264. The method of claim 2232, further comprising: 



- producing jiydrogpn an4^M*mHisHh1^ hydrornrbons trom the formation; and 
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li^diugtiiaiing a portion of the produced condensaoie I15 
portion of the produced hydrogen. 



with at least a 



2265. The method of claim 2232, wherein allowing the heat to transfer composes 
increasing a permeability of a majority of the selected section to greater tym about 100 
millidarcy. 
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2266. The method of\claim 2232, further comprising controlling the heat to yield greater 
than apout 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2267. V The mefhod\*£ claim 22327nirther comprising producing a mixture in a 
producfaoG^ell, wherein at least about 7 heat sources are disposed in the formation for 
each production well. 

2268. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of tfte formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulap'pattern. 

2269. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at le#st a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an ar^a of the formation to form a repetitive pattern of units. 

A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer from the one or more heat sources to a selected 

c 

section of the formation such that a porosi ty of a mnj nritv of nt-feasl a portion ot the 
dectedj>____iij3ii^^ uniformly. 
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2271. The method of claim 2270, wherein the one or more heat sources comprise at 

Wst two he^Afmrr^^nd wherein superposition of hmHrfwuai ]egst the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section i 
formation. 




2272. The method of claim 2270, further comprising maintaining a temperatur^within 



the selec ted section 

10 2273. The method 
electrical "heaters. 



within a pyrolysis temperature range. 



:>f claim2270, wherein the one or more heat sources comprise 



15 



2274. The method of claim 2270, wherein the one qpmore heat sources comprise 
surface burners. 

2275. The method of claim 2270, wherpi6 the one or more heat sources comprise 
flameless distributed combustors. 



iU 2276. The method of claim ,2270, wherein the one or more heat sources comprise natural 

iS 20 distributed combustors. 



25 



2277. The methpa of claim 2270, further comprising controlling a pressure and a 
temperature wmiin at least a majority of the selected section of the formation, wherein 
the pressures controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



The method of claim 2270, further comprising controlling the heat such that an 
ferage heating rate of the selected section is less than about 1 °C per day during 



/sis. 
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sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more h#&t 
sources, wherein the formation has an average heat capacity (C v ) 5 and wherein^fie heating 
pyrolyzes^rfleast some hydrocarbons within the selected volume of the fennation; and 
/herein heating energy/day provided to the volume is equal^o or less than Pwr, 
wheykin Pwr is calculated by the equation: 
Pwr = #*K*C v *// fi 

wherein Pwr^i$ the heating^pngrgy/day, h is an average heating rate of the 
forA^ation^s is formation bulk density, and wherejn the heating rate is less than about 10 
°C/day. 

2280. The method of claim 2270, whec^m allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

228 1 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises heating ^me selected section such that a thermal conductivity of at least 
a portion of the selected/section is greater than about 0.5 W/(m °C). 

2282. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity/f at least about 25°. 

2283. TThe method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2284. ^Thet nethod of claim 2270, fu rther comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
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wherein a molar ratk uo^etfaeHe^to ethane in the non-condensable hydrocarbons 

^ " " 

from about 0.001 to about 0.15. 

2285. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the, 
condensable hydrocarbons is nitrogen. 



2286. TMe methon oVclaijn 2270, further comprising producing a jarfixture from the 
10 formation, wherein theVroduced mixtupexomprises condensate hydrocarbons, and 

wherein less tha/i about 1 %%y- j tfeight, when calculated oja^n atomic basis, of the 
conderteable hydrocarbons is oxygen. 

2287. The method of claim 2270, further comprising producing a mixture from the 
15 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weights/when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur, 

2288. The method of claimi!270, further comprising producing a mixture from the 

20 formation, wherein the pnzfcluced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight ty about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

25 2289. The^nethod of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



30 /2290. The method of claim 2270, further comprisijig-pFodTIcing a mixture from the 
formation, wherein the groduGed-TTTixture comprises condensable hydrocarbons, and 
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wherein ks^lhax^ab©trr5*%^y weight of the condensable hydrocarbons comj5ri§£s multi- 
ring aromatics with more than two rings. 

2291 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, grfd 
wherein less than about 0.3 % by weight of the condensable hydrocarbons ar§ 
asphaltenes. 



2292. /The method acclaim 2270, further comprising producine^mixture from the 
10 forma/ion, whereii/the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 fo by weight to about 30 % by weight ojXne condensable hydrocarbons 
!«% are c> cloalkan^ 

B g 2293. The method of claim 2270, further comprising producing a mixture from the 

> 15 formation, wherein the produced mixturp^comprises a non-condensable component, 
y wherein the non-condensable comporlent comprises hydrogen, wherein the hydrogen is 

5 j greater than about 1 0 % by volupie of the non-condensable component, and wherein the 

hydrogen is less than about £0 % by volume of the non-condensable component. 



20 2294. The method ofclaim 2270, further comprising producing a mixture from the 

formation, wherehithe produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2295. TJ4e method ofclaim 2270, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



30 



22%. The method ofclaim 2270, further comprisiflg-centrolllng a pressure within at 
least a majority of the selectedsectien^Tthe formation, wherein the controlled pressure 
is at lea$t-abeut-2^T6ar absolute. 
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2297. The method of claim 2270. further com prising .controlli ng formation conditions to 
produceaj^aixtere^^ formation, wherein a partial pressure of H2 witinrTth©4irixture 
is greater than about 0.5 bar. 

2298. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein thepartial pressure of H2 within the mixture is measured whep^me 
mixture is at a production well 
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2299. The method 
formation to i 

numbers greateA than abqdt 25 



193\ further comprising altering a pressure within the 
u£tion\?f hydrocarbons from the formation having carbon 
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2300. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditic^atfs by recirculating a portion of hydrogen 
from the mixture into the formation. 

230 1 . The method of claim 221 w further comprising: 
providing hydrogen (tyz) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portioi/ of the section with heat from hydrogenation. 



25 



2302. The methorcl of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion o/the produced hydrogen. 



2303/ The method of claim 2270, wherein allowing the heat to transferc^mprises 
increasing a permeability of a majority of the selectedjegtidiHtTgreater than about 100 
milliskircy. 



30 



543 



Conley, Rose & Tayon, P.C. 



2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
stife tantiaUy unif ormly increasing a p enneabilily --ofa4najoj^ of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yieichgreater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer A^ay. 
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2306. The method^ftlaim 2270, further comprising producing a mixture 
production well^and wherein at least about 7 heat sources are disposecTknhe formation 



for each produ/ti 



m well. 
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2307. The method, of claim 2270, further comprising ppdviding heat from three or more 
heat sources lto ajl least^pdftion of the formation, wKerein three or more of the heat 
sources are loWted in the formation in a unit o£Keat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2308. The method of claim 2270, fimher comprising providing heat from three or more 
heat sources to at least a portion m the formation, wherein three or more of the heat 
sources are located in the forofation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangmar pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2309. A methodyOf treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

25 allowing the heat to transfer from the one or more heat sources to a selected 

section ot the formation; and 

'controlling the heat to yield at least about 15 % by weight of a total organic 
carbdh content of at least some of the coal formation into condensable hydrocarbons. 



30 23 1(1 The method of claim 2309, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition nfhp^frftT"^atig^^ heat 
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sources pyrolyzes at least some hydroc 
formation. 



5TH 



2311. The method of claim 2309, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

23 1 2. The method of claim 2309, wherein the one or more heat sources comprise j 
electrical heate/s. 



15 





10 2313. The method of ftlaim 2309, wherein the one or more heat sources comprise 
surface burner 



23 14. The methoaof claim 2309, wherein the one or mgrc heat sources comprise 
flameless distributed combustors. 



23 1 5. The method of claim 2309, wherein tjie one or more heat sources comprise natural 
distributed combustors. 

23 16. The method of claim 2309; further comprising controlling a pressure and a 
20 temperature within at least ^majority of the selected section of the formation, wherein 

the pressure is controlle^as a function of temperature, or the temperature is controlled as 
a function of pressure 

23 1 7. The method of claim 2309, further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 



23 1 8. \The method of claim 2309, wherein providingjigs 
sources to atle^st the portion^sLtoHRatlon comprises: 



one or more heat 
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heating a selected volume (V) of the coal formation from the one or more heat 
source s.^diefeiirthrto^ has an average heat capacrEy^C^r^i^ierein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation^aod 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*Cv*p B 

wherein Pwr is the heating energy/day, h is an average heating rate oftKe 
formation, p B is formation bulk density, and wherein the heating rate is Je^s than about 10 
°C/day. 



2319. The method of claim 
transferring heat substantial 




2309, wherein allowing threat to transfer comprises 
by conduction. 



2320. The method of claim 2309, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



20 



232 1 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



25 



2322. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein abojtf 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins 
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2323./ The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrotarbofis-fanssT 
from Shout 0.001 to about 0.15. 
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2324. The method of claim 23 09, further comprising producing a mixture from the 

tion, wHerein the produced mixture comprises condensable hydrocarBonS^ 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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2325. The method of claim 2309, further comprising producing a mixture frojrfthe 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than ^hout 1 % by weight, when calculated on an atomic basis, of the 
condensable lrprocarbons is oxygen. 

2326. The m|eth(id\f claim/^309, further comprising producing a mixture from the 
formation, whereim the produced mixture comprises condensable hydrocarbons, and 
wherein less thanjmout 1 % by weight, wja^n calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2327. The method of claim 23T)9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight tcvabout 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing impounds, and wherein the oxygen containing compounds comprise 

20 phenols. 

2328. The/method of claim 2309, further comprising producing a mixture from the 
formation; wherein the produced mixture comprises condensable hydrocarbons, and 
whereinr greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

25 compounds. 
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2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wheriein less than about 5 % by weight of the conderisableJiydra comprises multi- 
ring aromatics with morej&afl-W^ rings. 
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2330. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
whereinHe ss than about-fl.3 % by weighl of the CUiidei i s d^te4iydn2£arbons are 
asphaltenes. 

233 1 . The method of claim 2309, further comprising producing a mixture fom the 
formation, wherein the produced mixture comprises condensable hydrae^rbons, and 
wherein about 5 % ^weight tb^about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2332. The method of claim 2309, fiurther comprising producing a mixture from the 
formation, whei^iirtne proiiycgd'mixture comprises a non-condensable component, 
wherein the non-condensable componepi comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volumexn the non-condensable component, and wherein the 
hydrogen is less than about 80 by volume of the non-condensable component. 

2333. The method of clmm 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The mfethod of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



25 2335. /The method of claim 2309, further comprising controlling a pressure within at 
least a/majority of the selected section of the formation, wherein the controlled pressure 
is at lpast about 2.0 bar absolute. 

23361 The method of claim 2309, further comprising controlling foimationconditionSlo 
30 produ\^ a mixture from the foimatior^^ H 2 within the mixture 

is greater than about 0.5> bar. 



Conley, Rose & Tayon, P C. 



2337 ^ The met hoc^^ l uuipifcillg producing a iiiijd? ttfe^&Qm the 

formation, wherein the partial pressure of H2 within the mixture is measured when the" 
mixture is at a production well. 

2338. The method of claim 2309, further comprising altering a pressure wjthin the 
formation to inhibit production of hydrocarbons from the formation h^ymg carbon 
numbers greater than about 25. 
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2339. The metjhod of clain} 
formation and controlling fofrnation 
from the mixture into 



2309, further comprising radducing a mixture from the 
conditions by recirculating a portion of hydrogen 



2340. The method of claim 2309, further comprising: 

providing hydrogen (H2) to tljpheated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the Section with heat from hydrogenation. 



2341. The method of claim 2309, further comprising: 
20 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenati^g a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2342. The inethod of claim 2309, wherein allowing the heat to transfer comprises 
25 increasinga permeability of a majority of the selected section to greater than about 100 
millidaycy. 

2345. The method of claim 2309, wherein allowing the heat to transfer comprises 

Substantially uniformly increasing a permeabili ty nf ^rnnjnri i w^f ' tht rxelw.lHtl Wd'.imn 
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544. The method o£clainr2?097wherein the heating is controlled to yield greateisman 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2345. The method of claim 2309, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in th^formation 
for each production well. 

2346. The method offclaim 2309, further comprising providingTieat from three or more 
heat sources to at leasjf a \ortion ofrhe formation, whereia^nree or more of the heat 
sources are located intfhe mrm^uon in a unit of heat sources, and wherein the unit of heat 
sources comprises a trlWgukSyDattern. 



2347. The method of ^atoi 2309, further jromprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatioiyfn a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formatioryfo form a repetitive pattern of units. 



2348. A method of treating a coal formation in situ, comprising: 

providing h^dt from one or more heat sources to at least a portion of the 
formation; 

allowij^ the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

Strolling the heat to yield greater than about 60 % by weight of condensable 
hydc6odrbons, as measured by Fischer Assay. 



23y49. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition_ofhealifom-a^^ heat 
sources pyrolyzes at leastjoiaae-hydrocarbons within the selected section of the 
formatft 
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2350. The method of Haim 714 s , fiirthpr rnmpriQinp p^ntaining a temperature within 
Scfed section within a pyrolysis temperature range. 

235 1 . The method of claim 2348, wherein the one or more heat sources comprise 
5 electrical heaters. 

2352. The method of claim 2348, wherein the one or more heat sources cq#{prise 
surface burners. 



10 2353. Themefthod 
flameless distributed 



of claim z348, wherein the one or more he^fsources comprise 
combustors. 



15 



20 



2354. The method of clajm 2348, wherein the on^or more heat sources comprise natural 
distributed combustors. 

2355. The method of claim 2348, furtHer comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fjmction of temperature, or the temperature is controlled as 
a function of pressure. 

2356. The method of claim 2348, further comprising controlling the heat such that an 
average heating r^fte of the selected section is less than about 1 °C per day during 
pyrolysis. 



25 2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
urces, wherein the formation has an average heat capacity (C v )> and whereijilhe-heatiTlg^ 
pyrolyzes at least some hydrocarbons within the selectgd^oitlSieof the formation; and 
30 / wherein heating energy/day proiddetTto the volume is equal to or less than Pwr, 

wherein Pwr is calculatedjaytfie equation: 
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Pwr = h*V*C v *p B 

wbei^irrT^r is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 

2358. The method of claim 2348, wherein allowing the heat to transfer comprisj 
transferring heat substajjtiallv by conduction. 

2359. The method of claim 2348, wherein providing heat from throne or more heat 
10 sources comprises heating the/selected secfkm such that a theraial conductivity of at least 

a portion of the selected section is greater than about 0.5 W7(m °C). 



m 



2360. The methocS^f clajm 2348, further compiling producing a mixture from the 
formation, wherein the produced mixture corrfprises condensable hydrocarbons having an 

1 5 API gravity of at least about 25 ° . 

2361 . The method of claim 234%, further comprising producing a mixture from the 
formation, wherein the produred mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by ^eight to about 15 % by weight of the condensable hydrocarbons 

20 are olefins. 

2362. The mettfbd of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein airiolar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

25 from ab/ut 0.001 to about 0.15. 



30 



236^. The method of claim 2348, further comprising producing a mixture from the 
foraiation, wherein the produced mixture comprises condensable hy^iroearbonsTand 
therein less than about 1 % by weight, when calcylatetTonan atomic basis, of the 
:ondensable hydrocarbons is nitroj 
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le method of claim 2348, further comprising producing a mixture from the^ 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



m 



10 



2365. The method of claim 2348, further comprising producing a mixture/from the 
formation, wherein the produced mixture comprises condensable hydrcx^arbons, and 
wherein less than about l^^by^eight, when calculated on an atoijrfc basis, of the 
condensable hydroce 




15 



2366. The method of clain/^348, further comprising producing a mixture from the 
formation, whereifi the pro/lucefr^iib^ife comprises/condensable hydrocarbons, wherein 
about 5 % by weight to alzfout 30 % by weight afthe condensable hydrocarbons comprise 
oxygen containing compounds, and whereiij^ne oxygen containing compounds comprise 
phenols. 



n 

1*3 8 
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2367. The method of claim 234&< / further comprising producing a mixture from the 
formation, wherein the product mixture comprises condensable hydrocarbons, and 
wherein greater than abouyzO % by weight of the condensable hydrocarbons are aromatic 
compounds. 



25 



2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aro^natics with more than two rings. 



30 



2369. The method of claim 2348, further comprising producing a mixtu^*em~nie 
xmation, wherein the produced mixture comprisesj^ndeflSaBle hydrocarbons, and 
^wherein less than about 0.3 % by weigbt-efffie^ condensable hydrocarbons are 
asphaltenes. 
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2370. Xbe-metftoJof claim 2348, further comprising producing a mature from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condej/sable hydrocarbons 
are cycloalkanes. 



ill 
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2371 . The method of claim 2348, further comprising prodiMng a mixture from the 
formation, wh£*ein s the produced mixture comprises a nor/condensable component, 
wherein the non-condensable component comprises hyflrogen, wherein the hydrogen is 
greater man about 10 % hy volume of the non-comiensable component, and wherein the 
hydrogen is less thai>^bout 80 % by volume of^ne non-condensable component. 

2372. TFWmethod of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mbcmre comprises ammonia, and wherein greater than 
about 0.05 % by weight of the prcxiuced mixture is ammonia. 

2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce/fertilizer. 

2374. The/method of claim 2348, further comprising controlling a pressure within at 
least a ipajority of the selected section of the formation, wherein the controlled pressure 
is at LBast about 2.0 bar absolute. 



25 
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237$. Hie method of claim 2348, further comprising controlling formation conditions to 
produce ^mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater tlran about 0.5 bar. 



576. The method of claim 2348, fnrthf rromj^inc producing a mixture fr^m the 
formation, wherein the^grtiahpfessure of H2 within the mixture is measured when the 
lixture is at a*pf6duction well. 
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formation to inhibit production of hydrocarbons from the formation having carbon, 
numbers greater than about 25. 



2378. The method of claim 2348, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2379. The niethQd of claim 2348, further comprising: 
10 providing hydrogen (H2) tj/the heated section to Jrtydrogenate hydrocarbons 

within tl/e section; and 

Heating b jteiiiQj>df the section with heat frqAi hydrogenation. 

2380. The method of claim 2348, further contf>nsing: 
15 producing hydrogen and condensable^hydrocarbons from the formation; and 

hydrogenating a portion of the pr^uced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



238 1 . The method of claim 2348/wherein allowing the heat to transfer comprises 
20 increasing a permeability of a n^ajority of the selected section to greater than about 100 
millidarcy. 



25 



2382. The method of claim 2348, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2383. The method of claim 2348, further comprising producing a mixture in a 
production weil, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 



30 2384. /The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



Conley, Rose & Tayon, P.C. 



n o m ccs cirtr tocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2385. The method of claim 2348, further comprising providing heat from thrp^or more 
heat sources to at least a portion of the formation, wherein three or more o^ihe heat 
sources are located in the formation in a unit of heat sources, wherein ti*e unit of heat 
sources comprises a triangular pattern, and wherein a plurality of t^c units are repeated 
over an area of the formation to form a repetitive pattern of unit? 

2386. A method of treating a coal formation in situ, comprising: 

heating a first section of the formation to pyrolyze at least some hydrocarbons in 
the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the se<fond^ction and produce a second ialixture from the formation; and 

f leaving an unpyrolyzecr section b^nveen the first section and the second section to 
subsidence of the formation. 



inhibit 



2387. 



of claim 2186, further comprising maintaining a temperature within 



the first sseiion or the second section within a pyrolysis temperature range. 

2388. The method ofclaim 2386, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

2389. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a surface burner. 

2390. The method of claim 2386, wherein heating the first section or heating the second 
section/comprises heating with a flameless distributed combustor. 

2391 . The method of claim 2386, wh erein heating the first sec tion or heating the second 
sectlQncojjiprisesliearing^dth a natural distributed combustor. 
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— TVip nifthO^ nT i 1 inn "M9*1 fhrrhpr rnmpri<:ing rnntrnlling a pr^ggnr^ arKTfl 

temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the teijaperature is 
controlled as a function of pressure. 



ill 
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2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second section is less thap about 1 °C per day during 
pyrolysis. 

2394. The mefhod of\claim 2386, wherein heating/fhe first section or heating the second 
section comprises: / 

heatir g a setecte^olume (V) of the co&l formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at leas? some hydrocarbons witnin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heading energy/day, h is an average heating rate of the 
formation, p B is formation Jzfulk density, and wherein the heating rate is less than about 10 
°C/day. 



25 



2395. The methocrof claim 2386, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion 6f the first or second section, respectively, is greater than about 0.5 W/(m °C). 



30 2397/ The method of claim 2386 . wherein the first or second m ixture comprises 
condensable hYdseeafbons having an API gravity of at least about 25°. 
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j398. Th e method of rlnim ??8fi, whr r rn i fi i ' lf ftf "iPrnnr l mhh i rr mr 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 2386, wherein the first or second mixture^mprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to §mane in the non- 
condensable hydrocarbons ranges from about 0.001 to about OASl 



10 2400. The methedof claim 2386, wherein the first or sepond mixture comprises 

condensable/! hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensab/e hydrocarbons is nitrogen. 

2401 . The method oflclaih^23^6, wherein tKe first or second mixture comprises 
15 condensable Hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic baVs, oj/the condensable4iydrocarbons is oxygen. 



sspsa 

iSSS. 
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2402. The method of claim 23gb, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the^condensable hydrocarbons is sulfur. 



25 



2403. The method'of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable^nydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



2404/ The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic cor 



30 
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"claim ZJSb, wherein the tirst or second mixture comprises" 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

2406. The method of claim 2386, wherein the first or second mixture compiles 
condensable hydrocarbons, and wherein less than about 0.3 % by weight c^fthe 
condensable hydrop^rbons/kre asphaltenes. 



2407. The 
10 condensable 
the condensable 



method of claim 2386, wherein the first or second irfixture comprises 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
hydrocarbons are cycloalkanes. 



a 



2408. The method of claim 2386, wherein the fh^t or second mixture comprises a non- 
condensable component, and wherein the noi^ondensable component comprises 
15 hydrogen, and wherein the hydrogen is gremer than about 10 % by volume of the non- 
condensable component and wherein tlje hydrogen is less than about 80 % by volume of 
the non-condensable component. 



2409. The method of claiiri/386, wherein the first or second mixture comprises 
20 ammonia, and wherein gp^ater than about 0.05 % by weight of the first or second mixture 
is ammonia. 



25 



2410. The metnod of claim 2386, wherein the first or second mixture comprises 
ammonia, ai>d wherein the ammonia is used to produce fertilizer. 

241 1. /fhe method of claim 2386, further comprising controlling a pressure within at 
least A majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 
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24 1 2. The method of cl^im-23MrfurtHer comprising controlling formation conditions to 

ieTirst or second mixture, wherein a partial pressure of H2 within the first or 
second mixture is greater than about 0.5 bar. 

5 241 3. The method of claim 2386, wherein a partial pressure of H2 within titf'frrst or 
second mixture is measured when the first or second mixture is at a production well. 



ffl 



n 



24 14. The method of claim 23©6, further comprising alteripg a pressure within the 
formation to inhibit product^m of hydrocarbons from tpe : formation having carbon 
1 0 numbers greater tha 1 about 



15 
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241 5. The method oiselairri 2386, fiirtherxfomprising controlling formation conditions 
by recirculating a portion of hydrogei^from the first or second mixture into the formation. 

2416. The method of claim 23«6, further comprising: 

providing hydrogen,^) to the first or second section to hydrogenate 
hydrocarbons within the/first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. 

2417. The method of claim 2386, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
lydrogenating a portion of the produced condensable hydrocarbons with at least a 

portiofi of the produced hydrogen. 

2418. The method of claim 2386, wherein heating the first section or heating the second 
pection comprises increasing a permeability of a m ^jor^ thp fir<tf or second section, 

^respectively, to greater thap^abotlfTSO millidarcy. 
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241 ^ The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly mcreasuTg^perrQeability of a majority of the 
first or second section, respectively. 

2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hyd/ocarbons, 
as measured by Fischer Assay, from the first or second section, respectively/ 



|X3 
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2421. The method 
comprises producing the firsi 
about 7 heat sou: 



:es are 



386, wherein producing the first or second mixture 

£cond mixture in a production ^vtfell, and wherein at least 
dispAs^d mthe formation for each production well. 



2422. The method of claim Z2386, further comprisjifg providing heat from three or more 
heat sources to ar\Jeast a poraon of the formation, wherein three or more of the heat 
sources are located ii^thgTormation in a upit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern., 



^ 2423. The method of claim 23S6, further comprising providing heat from three or more 

fj heat sources to at least a ponion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a/friangular pattern, and wherein a plurality of the units are repeated 
over an area of tfre formation to form a repetitive pattern of units. 



2424. A inethod of treating a coal formation in situ, comprising: 
25 /providing heat from one or more heat sources to at least a portion of the 

forrpation; 

allowing the heat to transfer from the one or more heat sources to a selected 
Section of the formation; and 

producing a mixture from the formation through one or more production wells, 
30 \ wherein the heating iscQDtoiied-strctrtliat the mixture can be produced troitt 
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formaticji as a vapor, and^ wlisrdn-al lcml abuul 7 heal sources aic d-k^osedgnthe 
formation for each production well. 

2425. The method of claim 2424, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2426. The method.^fcIaim^42^, further comprising maintaining a tejjiperature within 
the selected section within a pyroiysis temperature range. 



2427. Themdthodo 
electrical heaters. 



cmkn 2424, wherein the one or more heat sources comprise 



2428. The methoiipf claim 2424, wherein jife one or more heat sources comprise 
surface burners. 



2429. The method of claim 2424fwherein the one or more heat sources comprise 
flameless distributed combusts. 

2430. The method of c^aim 2424, wherein the one or more heat sources comprise natural 
distributed combustop 

243 1 . The metWod of claim 2424, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure's controlled as a function of temperature, or the temperature is controlled as 
a functioi/of pressure. 



2432. / The method of claim 2424, further comprising controlling the heat such that an 
average heating rate of the selected section is lessJh^-abont^T^Cper day during 
pyrplysis. 
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2433. The method of claim 2424, wherein providing heat from the one or more heat 
soun55s- to at lcaat thc - poriion oi formation contpri 

heating a selected volume (V) of the coal formation from the onecJr«ipre heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the^heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; anc 

wherein heating energy/day provided to the volume is equal to or less than Pwf, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/d^y, h is an average heating rate of the 
formation, p B is formatio^ bulk density, and wherein the heating rate is^s than about 10 
°C/day. 



ID 



2434. The method of claim 2424ywherein allowing the jv^at to transfer comprises 
1 5 transferring heat substantially!^ conduction. 

2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected s^tion such that a thermal conductivity of at least 
a portion of the selected section is gj^ater than about 0.5 W/(m °C). 

20 

2436. The method of clainy2424, wherein the produced mixture comprises condensable 
hydrocarbons having aivAPI gravity of at least about 25°. 

2437. The method of claim 2424, wherein the produced mixture comprises condensable 
25 hydrocarbons.4nd wherein about 0. 1 % by weight to about 1 5 % by weight of the 

condensable/nydrocarbons are olefins. 



30 



2438. The method of claim 2424, wherein the produced mixture comprises non- 
condei/sable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condei\sable hydrocarbons ranges from about 0.001 to about 0.15. 
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2439. The method of claim 2424, wherein the produced mixture comprises condensable 
hydroCHibuiis, and wherein less than about 1 % by weight, when calculated on^Tatomic 
basis, of the condensable hydrocarbons is nitrogen. 



2440. The method of claim 2424, wherein the produced mixture comprises condpifsable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated oja<an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2441 . The method of glaim N 2424, wherein the produced mixtiu^ comprises condensable 
hydrocarbons, and wherein lessSthan about 1 % by weight, \ynen calculated on an atomic 
basis, of the condensable hfydrocaVbons is sulfur. 



2442. The method of claim 24 



the produced mixture comprises condensable 
^ut 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compH&eje&ygen containing compounds, and wherein the oxygen 
containing compounds comprise phen0is. 



hydrocarbons, wherein abG 
nprkejerx} 



2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein^eater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbonsy^id wherein less than about 5 % by weight of the condensable 
hydrocarbo^ comprises multi-ring aromatics with more than two rings. 



2445/ The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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244&--JHi©-*ttet^^ 2424, wherein the produced mixture comprise^conC 

hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



m 
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2447. The method of claim 2424, wherein the produced mixture comprises a non-, 
condensable component, wherein the non-condensable component comprises hyarogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volujrfe of the non- 
condensable component. 



:laim 2424, wherein the produced nurture comprises ammonia, 
about 0.05 % by weight of the Produced mixture is ammonia. 



2448. The method o 
and wherein greater tl 




2449. The mpthod of claim s 2^24, wherpkf the pwfduced mixture comprises ammonia, 
15 and wherein tlie amnfonia is used to produce fertilizer. 

2450. The method of claim 2424, fiirtj*er comprising controlling a pressure within at 
least a majority of the selected sectjmi of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute 



245 1 . The method of cjaim 2424, further comprising controlling formation conditions to 
produce the mixture/wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



25 2452. The' nethod of claim 2452, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocai 



formation having carbon 
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2454. The methoio£idaifB^^ comprising controlling^^onnation col 

by recirculating a portion of hydrogen from the mixture into the formation. 



2455. The method of claim 2424, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenat^Ji^drocarbons 

within the s£<5tion; 

hating a porti6^\f the section with heat from hydfogenation. 

2456. l\he methocyof claim^F24, further comprising: 
10 prbducing/hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of th^produced condensable hydrocarbons with at least a 
portion of the produced hydroger 



2457. The method of claim 2424, wherein allowing the heat to transfer comprises 
15 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



20 
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2458. The method of claim 2424, wherein allowing the heat to transfer comprises 
substantially ^uniformly increasing a permeability of a majority of the selected section. 

le method of claim 2424, wherein the heating is controlled to yield greater than 
1 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2460/ The method of claim 2424, further comprising providing heat from three or more 
heat /sources to at least a portion of the formation, wherein three or more of the heat 



soi 



'ces are located in the formation in a unit of heat sources, and wherein the unit of heat 



sou *ces comprises a triangular pattern. 

246\. The method of claim 2424, further comprising providing heat from three or more 

heat sb^TCeS tO at least a portion Of the formation | \ybf f rein three or more; of the Vipat 

sources are ioirated4n : 4he-fbrrnat^ sources, wherein the unit of heat 
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SQU rces Comprises a triangula r p at tern nnH whprp i n n plii i vli l y nf l ll^ imho hip i hj 

over an area of the formation to form a repetitive pattern of units. 



2462. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation, wherein the one or more heat sources are disposed within one or more first 
wells; 

allowing tlje-heatjo transfer from the one or more heat sources to a selejzfed 
section of the ftmnatiok 

producing a mixtWe from the formation through one or more^econd wells, 



wherein one 
are then used 



or more of thevfirst or second wells are initially uspd for a first purpose and 



for one or 



more crtQer purposes. 



2463. The method of daim 2462, wherein the fkst purpose comprises removing water 
from the formaftetri a _3n£l wherein the second / j*urpose comprises providing heat to the 
formation. 

2464. The method of claim 2462ovherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing water from the formation. 

2466. The methoel of claim 2462, wherein the first purpose comprises producing the 
mixture, and wherein the second purpose comprises removing water from the formation. 

2467. The method of claim 2462, wherein the one or more heat sources comprise 
electrical neaters. 



2468. /The method of claim 2462, wherein the ongair- raore heat sourc 
surface burners. 
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2469. The m£ lJiQd-of : €fanTr24<6 J Z, wherein the one or more heat sources cottttt 
flameless distributed combustors. 



2470. The method of claim 2462, wherein the one or more heat sources comprise natuj 
5 distributed combustors. 



m 
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2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure kcontrolfe^as a function of temperature, or the temperature is controlled as 
a functioryof pressure. 




2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the ^elected section is less tl^i about 1 .0 ° C per day during 
pyrolysis. 

2473. The method* of claim 2462, whereir^providing heat from the one or more heat 
sources to at least the portion of the forntfation comprises: 

heating a selected volume (Vyof the coal formation from the one or more heat 
sources, wherein the formation ha? an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated/oy the equation: 

Pwr = hW*C*L 

wherein Pwr j/s the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



30 



2474. The method of claim 2462, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion oMie selected section is greater tha 
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2475r^The method-efctai5T24 62 3 wherein the produced mixture comprises cone 
hydrocarbons having an API gravity of at least about 25°. 



2476. The method of claim 2462, wherein the produced mixture comprises condej 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weightpfme 
condensable hydrocarbons are olefins. 



)le 



10 



15 



2477. The method of claim 2462, wherein the produced mpmire comprises non- 
condensable nydrocarboms, and wherein a molar ratioi)jrethene to ethane in the non- 
condensable hydrocarbons ranges from about JkOOhio about 0.15. 



2478. The method of alaim 2462, whereinahe produced mixture comprises condensable 
hydrocarbons, and wjrerein less than aJ>out 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarjrons is nitrogen. 

2479. The method of claim / 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 2480. The metnod of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons^ and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of th/condensable hydrocarbons is sulfur. 

2481. the method of claim 2462, wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



30 



482. The method of claim 2462, wherein the produced mixture comprises condensable 
lydrocarbons, and wherein greater than about 20 % by weight of the condensable 
ydrocarbons are aromatic compounds. 
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2483. The method of claim 2462. wherein the produced mixture compr ises condensable 
hydrocarbons, and 1 wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2484. The method of claim 2462, wherein the produced mixture comjirises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of thpxondensable 
hydrocarbons are asphaltenes. 



'0 
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10 2485. The metbtfcl of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbon^ and wherein about 5 % by weight tcj/about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2486. The n^lhod of claim 2462, wher^fn the produced mixture comprises a non- 
15 condensable component, wherein the/non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the parogen is less than about 80 % by volume of the non- 
condensable component. 

20 2487. The metho(Lof claim 2462, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



25 



2488. TJafe method of claim 2462, wherein the produced mixture comprises ammonia, 
and wKerein the ammonia is used to produce fertilizer. 

Z489. The method of claim 2462, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
isaTfeast about 2.0 bar ab s olute. — 
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2490. The method of claim 2462, further comprising controlling formation conditions to 



produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressureol 
within the mixture is greater than about 0.5 bar. 



Si . 



15 



20 



5 249 1 . The method of claim 2490, wherein the partial pressure of Hj/is measured when 
the mixture is at a production well. 

2492. The method ofclaim 2462, further comprising altepfng a pressure within the 
formation to inhibit/prodikction of hydrocarbons from tj*e formation having carbon 
1 0 numbers greater tllan about 25 . 



2493. The metHod of clkim\462, frirfher cortfprising controlling formation conditions, 
wherein controlling fomiation conditions comprises recirculating a portion of hydrogen 
from the mixture mtefihe formation. 

2494. The method of claim 2462, further comprising: 
providing hydrogen (jfc) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portym of the section with heat from hydrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produ<fed condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 2496( The method of claim 2462, wherein allowing the heat to transfer comprises 

inc/easing a permeability of a majority of the selected section to greater than about 100 
mfllidarcy. 

24^7. The method of claim 2462, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 
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-249Sr~The method of claim 2462, further comprising controlling lhe~ hcat to yi e ld gr e ater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay; 



2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sourcep'are disposed in 
the formation for each production well. 
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2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein/fnree or more of the heat 
sources are located in the formation in a unit of heat sgm'ces, and wherein the unit of heat 
sources compriseSlTtaiangular pattern. 



m 



Q 
p. 



2501 . The pethod pf plaim 246^ftrther comprising providing heat from three or more 
heat sources! to at lokst apportion of the formation, wherein three or more of the heat 

15 sources are lbcated in the formation ir/k unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation tQ'rorm a repetitive pattern of units. 

2502. A method for fonning heater wells in a coal formation, comprising: 
20 forming a first /wellbore in the formation; 

forming a second wellbore in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mecnanism within the second wellbore such that the heating mechanisms can 
25 provide hf&at to at least a portion of the formation. 



30 



2503./ The method of claim 2502, wherein superposition of heat from the at least one 
heating mechanism within the first wellbore and the at least one heating mechanism 
witmin the second wellbore pyrolyzes at least some hydrocarbons within a selected 
sectfon of the formation. 
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2504. The method of claim ?jfl2i fiirthPF-emnprrmi'c maintaining a Tempfranire^wit 
selected section within a pyrolysis temperature range. 



2505. The method of claim 2502, wherein the heating mechanisms comprise elej 
5 heaters. 



fcal 
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20 



2506. The method of claim 2502, wherein the heating mechanisn^comprise surface 
burners. 




10 2507. The metnod of cla^m 2502, wherein the heatiijg mechanisms comprise flameless 
distributed com >ustors 

2508. The metnod of d^Rj^SO^whereip^the heating mechanisms comprise natural 
distributed comb^istor^ 

2509. The method of claim 250z, further comprising controlling a pressure and a 
temperature within at least ainajority of a selected section of the formation, wherein the 
pressure is controlled as a/function of temperature, or the temperature is controlled as a 
function of pressure. 



25 1 0. The metjaf&d of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portioi/of the hydrocarbons is less than about 1 °C per day during pyrolysis. 



25 



30 



251 1/ The method of claim 2502, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanisms, 
lerein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 



I wherein heating energy/day providedJaJjieAJeterreTS equafto or less than Pwr, 
wnscg in Pwr is ca leula^ed^bylKeequation: 
Pwr = h*V*C v *p B 
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wherein PB^is-titeiieatlng energy/day, h is an average heating rate oftfie 
formation, p B is formation bulk density, and wherein the heating rate is les/than about 10 
°C/day. 

25 12. The method of claim 2502, further comprising allowing Xb£ heat to transfer from 
the heating mechanisms to at least the portion of the formatiot/substantially by 
conduction. 



O 
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25 13. The method of claim 2502, further comprising providing heat from the heating 
mechanisms t^t least the portion of the formatioir such that a thermal conductivity of at 
least the poytion^of the formation is greater thai/about 0.5 W/(m °C). 




25 14. Theynethod^ df^airp' / z502, furthei/comprising producing a mixture from the 

he produced mixture comprises condensable hydrocarbons having an 
t about 25°. 



formation, wherein 
API gravity of; 




25 15. The method of claim 251)2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by \yeight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



25 



25 16. The method/of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.QO1 to about 0.15. 



30 



25 17. The method of claim 2502, further comprising producing a mixture from the 
formation,Avherein the produced mixture comprises-ct5n3ensable hydrocarbons, and 
wherein less than about 1 % by wgight^when calculated on an atomic basis, of the 
condensable! hydrqcajdbetfSTis nitrogen. 
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25 1 8. The method of claimj^IlZrfer^^ producing a mixture from 1 

JhnnatienT^Kerein the produced mixture comprises condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, ^>f1he 
condensable hydrocarbons is oxygen. 



2519. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein tjj^produced mixture comprises condensable hydrocarbons, and 
wherein less thai/about \% by weight, when calculated^on an atomic basis, of the 



condensable hydrocarboi 



is sulfur. 



2520. The method of clq(irrK2502, furthepe^6prising producing a mixture from the 
formation, wherein the pfoducedlmxture comprises condensable hydrocarbons, wherein 
about 5 % by w^ightjt(f about 30 % bv^veight of the condensable hydrocarbons comprise 
oxygen containing compounds, and/wherein the oxygen containing compounds comprise 
phenols. 



2521 . The method of claim 2502, further comprising producing a mixture from the 
formation, wherein thp'produced mixture comprises condensable hydrocarbons, and 
wherein greater th^ about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2522. TXe method of claim 2502, further comprising producing a mixture from the 
formatfon, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
mg aromatics with more than two rings. 



2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



srein less thnn nbout 0^-%rby"weight ot the condensable hydrocarbons are 
asphaltenes. 



Conley, Rose & Tayon, P.C. 



^2524^ftT?Tne5iod of claim 2502, further comprising producing a mixtureTrlrm4he 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocapBbns 
are cycloalkanes. 
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2525. The method of claim 2502, further comprising producing a nocture from the 
formation, wherein theproduced mixture comprises a non-conderfsable component, 
wherein the non^ondensaoie component comprises hydroger^ wherein the hydrogen is 
greater than about 10 % by volume of the non-condensajatfe component, and wherein the 
hydrogen isAess than /about 80 % by wlume of the ncm-condensable component. 

2526. The methoa of claim 2502, further coniprising producing a mixture from the 
formation, Wijej^in the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2527. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilize 



20 2528. The method jof claim 2502, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2/0 bar absolute. 



2529. T#e method of claim 2528, wherein the partial pressure of H2 within the mixture 
25 is greater than about 0.5 bar. 



1. The method of claim 2502, further comprising producing a mixture from the 
f formation, wherein the partial pressure of H2 
mixture is at a production 



is measured when the 
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2531. The m ghod^&ekanfi: zsOl, further comprising altering a pressure~wiT 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2532. The method of claim 2502, further comprising producing a mixture frofrfthe 
formation and controlling formation conditions by recirculating a portiopxff hydrogen 
from the mixture into the formation. 



=E 
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2533. The method ot claim 2502, further comprising: 
1 0 providing hyJarogefi\H 2 ) to the portion to hyd^enate hydrocarbons within the 

formation; and 

heating a portion off the formation witlyfieat from hydrogenation. 

2534. The method of claim 2502, tmjfier comprising: 
15 producing hydrogen and coxfdensable hydrocarbons from the formation; and 

hydrogenating a portion/of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



m 

% - 



2535. The method of/tflaim 2502, further comprising allowing heat to transfer from the 
20 heating mechanisms/to a selected section of the formation to pyrolyze at least some 
hydrocarbons witifin the selected section such that a permeability of a majority of a 
selected sections of the formation increases to greater than about 100 millidarcy. 



2536. Tfte method of claim 2502, further comprising allowing heat to transfer from the 
25 heatinsf mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
sleeted section increases substantially uniformly. 



2537. The method of claim 2502, furthercompnsing-c ontrolling the heat to yield grcatcr - 
30 than about 60 %jDy-weigHrofcondensable hydrocarbons, as measured by Fischer Assay. 
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"253&; I he metnod of claim 2502, further comprising producing a mixtt 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 



2539. The method of claim 2502, further comprising forming a productiop^ell in the 
formation using magnetic tracfcmg such that th^production well is substantially parallel 
to the first welloore and coupling\a wellheao to the third wellboj^T 



m 



2540. The rpethod of qlaim 2502, further comprising^roviding heat from three or more 
10 heat sources k> at leas^ a portion of the formationy&herein three or more of the heat 

sources are locatedin the formation in a unit pt heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2541 . The method of claim 2502/further comprising providing heat from three or more 
15 heat sources to at least a portiod of the formation, wherein three or more of the heat 

sources are located in the fjefrmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 2542. A method for installing a heater well into a coal formation, comprising: 

forming a bore in the ground using a steerable motor and an accelerometer; and 
providing a heating mechanism within the bore such that the heating mechanism 
can transfer heat to at least a portion of the formation. 



25 



2543. The method of claim 2542, further comprising installing at least two heater wells, 

id wherein superposition of heat from at least the two heater wells pyrolyzes at least 
f some hydrocarbons within a selected section of the formation. 



2544. The method of claim 2542, fiirtheiuGempfising maintaining a temperature within a 
30 ^elected section withi&-aT5yrolysis temperature range. 
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2545. Tl igjrtethod-e^efam wherein the heating mechanism cor 

electrical heater. 



an 



2546. The method of claim 2542, wherein the heating mechanism comprises a sur^ce 
5 burner. 

2547. The method of claim 2542, wherein the heating mechanism con#$rises a flameless 
distributed combustor. 



10 2548. The method of^laim 2542, wherein the heating rp^chanism comprises a natural 
distributed combWor. 

2549. The method of claim 2542, further comprising controlling a pressure and a 
temperature within at least a majority ofa selected section of the formation, wherein the 
15 pressurVi&-<x)ntrolled as a function gftemperature, or the temperature is controlled as a 
function of pressure. 



20 



2550. The method of claim 2542, further comprising controlling the heat from the 
heating mechanism supn that heat transferred from the heating mechanism to at least the 
portion of the formsftion is less than about 1 °C per day during pyrolysis. 



2551. The inethod of claim 2542, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
25 pyi^lyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk densitj^andJA^^ heating rate is less than about 10 
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^552. The method of claim 2 542, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 

2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least t]re portiton of the formation such that a thermal conductivity j>fat 
least the portion of the formation is greater than about 0.5 W/(m °C). 



Sii 



10 2554. The method of x^krim 2542, further comprising producing a^mxture from the 

formation, wherpin t\ye produced mixtur^comprises condensable hydrocarbons having an 
API gravity of it lea^t about 

2555. The m^thc^a of claim 2542, further cojflprising producing a mixture from the 
15 formation, wherein the produced mixture^omprises condensable hydrocarbons, and 

wherein about 0. 1 % by weight to aj?mit 15 % by weight of the condensable hydrocarbons 
are olefins. 



2556. The method ofjefaim 2542, further comprising producing a mixture from the 
20 formation, wherein/fhe produced mixture comprises non-condensable hydrocarbons, and 
wherein a molarratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about (KOOl to about 0.15. 



2557. /The method of claim 2542, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
erein less than about 1 % by weight, when calculated on an atomic basis, of the 
ndensable hydrocarbons is nitrogen. 



WJ 



\58. The method of claim 2542, further comprising producing a mixture from the 
30 foim^ttoiia jwherein the prnfhirrd mixtiirr-rmmprnr-; rondrn^nblr h}rlrornrhnn^ rmri 
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wherein less than about 1 % by weight, when calc ulated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2559. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and/ 
wherein less than about 1 % by weight, when calculated on an atomic basis, o£tKe 
condensable hydrocarbons is sulfur. 



2560. The method of claim 2542, furfher comprising producing a mixture from the 
10 formation, wherein the p/oduced /mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30/% by wdght of the/fondensable hydrocarbons comprise 
oxygen containing comfpounds,^nd wherein th^^xygen containing compounds comprise 
phenols. 



13 



15 2561. The method of claim 2542, jxfrther comprising producing a mixture from the 
formation, wherein the produced/fnixture comprises condensable hydrocarbons, and 
wherein greater than about 2y% by weight of the condensable hydrocarbons are aromatic 
compounds. 



20 2562. The method/of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less man about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

25 2563. /The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wtferein less than about 0.3 % by weight of the condensable hydrocarbons are 
sphaltenes. 



30 2564n 3 he-mSffio3of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 5 % by weighUoBbout-3 0 % by weight of the con d4 
arecycleatkanesT 



2lghydrocarbons 



2565. The methocKof claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable componep 
wherein the non-condensable cWpo lent compris^shydrogen, wherein theh^drogen is 
greater than aqout 10 % by v/jlume'o^ie^n-condensable componep^and wherein the 



hydrogen is le 



5S than about/80 % by /olume of the non-conden^ame component. 



10 2566. The metho3"ofclaim 2542, further comprising'producing a mixture from the 
formation, wherein the produced mixture compj^es ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2567. The method of claim 2542, ftfrther comprising producing a mixture from the 
15 formation, wherein the produc^a mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer/ 



20 



2568. The method pi claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least aboutZO bar absolute. 



25 



2569. The method of claim 2542, further comprising controlling formation conditions to 
produ6e a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0,5 bar. 

£570. The method of claim 2569, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



2531 . The method of claim 2542,^xilheP-Geffltnising^altering a pressure within the 
30 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2572. The method of claim 2542, further comprising producing a mixture from the 
^ormat^ conditions by recirculating a pomorTDf^i^rogen 

from the mixture into the formation. 
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2573. The method of claim 2542, further comprising: 
providing hydrogen (H2) to the at least the heated portion to hydrp^enate 

hydrocarbons within the formation; and 

heating a nefnion oMie formation with heat from hydrogefiation. 

2574. The mphod of claiin s 2542, further comprising: 
:ing hydroge 1 anchcondensable hydrocarbons from the formation; and 



produ 

hydro genating a portion of trfe 



portion of the 



Condensable hydrocarbons with at least a 



produced hydrogen. 



2575. The method of claim 2542, fyrftier comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selec^d section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanisin to a selected section of the formation to pyrolyze at least some 
hydrocarbons Within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. /The method of claim 2542, further comprising controlling the heat to yield greater 
thaiy&bout 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



>578. The method of claim 2542, further comprising producing a mixture in a 
30 / production well, and wherein at least about 7 heating 
formation for each produgt 
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2579. The method of claim-2542r^trther comprising providing^ieat^ttHijJhree or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of/teat 
sources comprises a triangular pattern. 



10 



2580. The method of claim 2542, further comprising providing heat frqrtf three or more 
heat sources to aHeast a portion of the formation, wherein three or jrfore of the heat 
sources are lo/ated in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a trian^iXlar pattern, andjtvKerein a plur^tfty of the units are repeated 
over an area! or the rormation Rrferffi a repetitive pattern of units. 



ijl2 



15 



2581. A metn&d_fcf installing of wells in a co&l formation, comprising: 
forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism vmhin the wellbore such that the heating 
mechanism can transfer heat to at j^ast a portion of the formation. 



20 



2582. The method of clainr 258 1 , further comprising maintaining a temperature within a 
selected section within j^pyrolysis temperature range. 

2583. The meth^fl of claim 2581, wherein the heating mechanism comprises an 
electrical heate 



2584. 2?ne method of claim 2581, wherein the heating mechanism comprises a surface 
25 burne 

>85. The method of claim 2581, wherein the heating mechanism comprises a flameless 
listributed combustor. 



30 258o>-43ieJ2ieth0d-e#«te wherein the heating mechanism compriSes-a-Ratural 

distributed combustor. 
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2587. The methodj>£-GMflr25S 1 , tunher comprising controlling apres§Hre-a|id a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



2588. TKe method of cihim 258 1 , further comprising controlling the heat from the 



heating mechanism si 
portion of the formatijoi 



h that heat transferred from the heating^fiechanism to at least the 
is less than about 1 °C per^day during pyrolysis. 



2589. \The method pf claim ^Ttt+^ttfther comprising: 

hWing a selected volume (V) of the coaJ^Tormation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons vsomin the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the^^quation: 
Pwr = h*V*C v *p B 

wherein Pwr is the^fieating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



2590. The method of claim 2581 , further comprising allowing the heat to transfer from 
the heatinj^mechanism to at least the portion of the formation substantially by 
conduction. 



)91 . The method of claim 258 1 , further comprising providing heat from the heating 
f mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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2592^JThe^^ 1 , further comprising producing a mixture frorrTl 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2593 . The method of claim 258 1 , further comprising producing a mixture frona / the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



10 2594. The rfnethod off cHaim 258 1 , further comprising praflucing a mixture from the 

formation, v therein tne produced mixjtfre comprises ffon-condensable hydrocarbons, and 
wherein a mplar rat/o of etheneToethane in the ^je(n-condensable hydrocarbons ranges 
from about O.OdWo about 0.15. 



W 

Q 

p 
m 
n 



15 2595. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by Weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is ffitrogen. 

20 2596. The method of cjaim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



25 2597. Tho^method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



30 2598. rhe-method ofcctaiffl-258 1 , further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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"^•ft bout 5 % by weight tu ab out 30 % by weight o f the fa agdensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compSBhds comprise 
phenols. 

2599. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greaterthan about 20 % by weight of the condensable hydrocarbons are aromatic 
compour 



10 2600. The metl/c/d of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixtur^comprises condensable hydrocarbons, and 
wmerein less/tharl about 5 % by wei^Jaff of the condensable hydrocarbons comprises multi- 
ring arom^tics witrKQiorejnanrtwa'nngs. 



1 5 260 1 . The method of claini 25 8 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than ab^ut 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



isaf 



20 2602. The method of claim 2581, further comprising producing a mixture from the 
formationj&herein the produced mixture comprises condensable hydrocarbons, and 
wherein /bout 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cydoalkanes. 



25 2603. The method of claim 2581, further comprising producing a mixture from the 
'formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
30 
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2604. The method of claim 258 1, further comprising producing a mixture from 
formation, wherein the produced mixture comprises ammonia, and wherein greater^h^n 
about 0.05 % by weight of the produced mixture is ammonia. 



U 
m 



5 2605. The method of claim 2581, further comprising producing a mixture from the 
formation, wherebrthe produced mixture comprises ammonia, apa wherein the ammonia 
is used to produce fertilizer. 

2606. The nrethod oft claim 258 1 , further comprising/controlling a pressure within at 
10 least a majority of a/sele^te^ection of the formation, wherein the controlled pressure is 

at least about 2.0 bar absolute. 

2607. The method of claim 2581, further Comprising controlling formation conditions to 
produce a mixture from the formation, ynerein a partial pressure of H2 within the mixture 

15 is greater than about 0.5 bar. 



2608. The method of claim 2607, wherein the partial pressure of H2 within the mixture 
is measured when the mixture^ is at a production well. 



20 2609. The method of claim 2581, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



26 1 0. The^method of claim 258 1 , further comprising producing a mixture from the 
25 formation and controlling formation conditions by recirculating a portion of hydrogen 
from/xhe mixture into the formation. 



30 



16 1 1 . The method of claim 2581, further comprising: 

providing hydrogen (H2) to at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 

heating a portion of the formation with heat frc 
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fhe method of claim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; affd 
hydrogenating a portion of the produced condensable hydrocarbon§^ith at least a 
portion of the produced hydrogen. 



10 



26 1 3. The metliofLof claim 258 1 , further comprising allowins'fieat to transfer from the 
heating melanism to V selected section of the formation to/pyrolyze at least some 



hydrocaroons wit 
selectea section of 



theNselected section such that a permeability of a majority of a 
ie formation increases to^reater jman about 100 millidarcy. 



15 



2614. \ The metnod of^aim 25^1<nirther com|frising allowing heat to transfer from the 
heating mechanism to a selected section of ttfe formation to pyrolyze at least some 
hydrocarbons within the selected sectioa^uch that a permeability of a majority of the 
selected section increases substantially uniformly. 



S W 
P 

Q 
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2615. The method of claim 2581, further comprising controlling the heat to yield greater 
than about 60 % by weight pi condensable hydrocarbons, as measured by Fischer Assay. 

261 6. The method claim 258 1 , further comprising producing a mixture in a 
production well, find wherein at least about 7 heat sources are disposed in the formation 
for each prodifction well. 



2617y/The method of claim 2581, further comprising providing heat from three or more 
25 hetft sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



£618. The method of claim 2581, further cqm2lisiji&-p* : e^ from three or more 

30 heat sources to ar least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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smiFees^omprises a triangular pattern, and wherein a plurality of the uru!sl 
over an area of the formation to form a repetitive pattern of units. 



seated 



2619. A method of treating a coal formation in situ, comprising: 
5 heating a selected section of the formation with a heating element n&ced within a 

wellbore, wherein at least one end of the heating element is free to mc>ye axially within 
the wellbore to allow for thermal expansion of the heating elemer 

2620. The method of clarm 2619, further comprising aj/teast two heating elements 
10 within at lea^t two wellbores, and wherein superposition of heat from at least the two 

heating elements ^yrqlyzes at least some bydrop^bons within a selected section of the 
formation 



a 



262 1 . Tnb-frfethod of claim 26 1 9, fiirther comprising maintaining a temperature within 
15 the selected section within a pyrmysis temperature range. 

2622. The method of cl^im 2619, wherein the heating element comprises a pipe-in-pipe 
heater. 



20 2623 . The method of claim 26 1 9, wherein the heating element comprises a flameless 
distributed combustor. 



25 



2624. Ahe method of claim 2619, wherein the heating element comprises a mineral 
insulated cable coupled to a support, and wherein the support is free to move within the 
^llbore. 



2625. The method of claim 2619, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 



30 2626. The method of claim 2619, further comprising controlling a pressure and a 
temperature within at least a majorityofgJieated-seetiOT 
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Pfessure4sxt5nfrblled as a function of temperaturefor 
function of pressure. 



ire is controlled as a 



2627. The method of claim 26 1 9, further comprising controlling the heat such that an 
5 average heating rate of the heated section is less than about 1 °C per day during pyroksis. 



■r 3 
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2628. The method of claim 26 1 9, wherein heating the section of the form^tfon further 
comprises: 

heating a selected voltaie (V) of the coal formation fron^tie heating element, 
10 wherein the formation has a£ ^verage heat capacity (C v ), am^wherein the heating 

pyrolyzes at least abme hydroc^bons within the selecte^olume of the formation; and 
wherein heating energy/day provided to the^y&ume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*Cv*p B 

15 wherein Pwr is the heating energv/day, h is an average heating rate of the 

formation, p B is formation bulk density; and wherein the heating rate is less than about 10 
°C/day. 

2629. The method of clainr^fc 1 9, wherein heating the section of the formation 
20 comprises transferring heat substantially by conduction. 



25 



2630. The methocLof claim 2619, further comprising heating the selected section of the 
formation such tjafat a thermal conductivity of the selected section is greater than about 
0.5 W/(m °CL 

263 1 . The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API atavity of at least about 25°. 



30 2632.\The method of claim 261 9, further comprising producing a mixture from the 
formation, wT^rpirrtht ^ -p rnHnppH miYtnrp rnmprisps condensable hydr ocarbons, and 
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wherein about 0.1 %_ 
lefinsT 



foabout 1 5 % by weight of the condensable hydrocarbons 



2633. The method of claim 261 9, further comprising producing a mixture fronuffie 
formation, wherein the produced mixture comprises non-condensable hydnxfarbons, and 
wherein a molar ratioW ethene to ethane in the non-condensable hydpef^arbons ranges 
from about/6.001 to abcftk 0.15. 



10 



15 



2634. Tjfie method of (jlai 
formation, wherein the 
wherein less than about 
condensable hydrocarl 



2619, further comprising njaxiucing a mixture from the 
3rofluced mixture comprises^ondensable hydrocarbons, and 
1 °/o\y weight, when calculated on an atomic basis, of the 
ons is nhrog^ 



263 5 . The method off claim 26 1 9, frfrther comprising producing a mixture from the 
formation, wherein the produced/mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbon^is oxygen. 



stss 



2636. The method pi claim 2619, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable^hydrocarbons is sulfur. 



2637. /The method of claim 2619, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
ab^ut 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
Oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



30 V 2638. The method o£claim^6T97Iurther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greaterthan^bou^O"^ of the condensable hydrocarbons are 

compounds. 



m 
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2639. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein \mQ produced mixture comprises condensable hydrocarbons, 
wherein less thaj/ about 5 % by weight of the condensable hydrocarbons corr^ffises multir 
ring aromatics/with mpfe than two rings. 



2640. The method of 



wherein less 
asphaltenes. 



claim 2619, further comprising produckig a mixture from the 



10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 



aan about 0.3 % by weight of the corutensable hydrocarbons are 



264 1 . The method of claim 26 1 9, fuptfier comprising producing a mixture from the 
formation, wherein the produced ^fixture comprises condensable hydrocarbons, and 
wherein about 5 % by weighj/fo about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



n. 



2642. The methoa of claim 261 9, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises a non-condensable component, 

wherein the^non-condensable component comprises hydrogen, wherein the hydrogen is 
greater tKan about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



25 2o43. The method of claim 26 1 9, further comprising producing a mixture from the 

f >rmation, wherein the produced mixture comprises ammonia, and wherein greater than 
(out 0.05 % by weight of the produced mixture is ammonia. 



2644. The method of claim 2619, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2645. The method^£ H n iiT ) ? ,6 1 9, further ca mposingcontrolling a pressure within the 
:seteCtecfsection of the formation, wherein the controlled pressurHs^t least about 2.0 bar 
absolute. 



2646. The method of claim 2619, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of^H2 within the mixture 
is greater than about 0.5 bar. 



O 



P 



1 0 2647. The ^nethod o^claim 2647, wherein the partiaj^ressure of H2 within the mixture 
is measured wheiMhe mixture is at a production Well. 



comprising altering a pressure within the 



20 



25 



formatio: 



2648. The method o 




1 to inhibit production of hydrocarbons from the formation having carbon 



1 5 numbers greater than about 25 . 

2649. The method of cpi 2619, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture imo the formation. 



2650. The nfethod of claim 261 9, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the heated section; and 

heating a portion of the section with heat from hydrogenation. 

26p 1 . The method of claim 261 9, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydr ocarbon s with at least a 
portion of the produced hydrogen. 



30 
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265 2^jniejiie^ 26 1 9, wherein heatmg-^ompgses^ a permeability 

of a majority of the heated section to greater than about 100 millidarcy. 

2653. The method of claim 261 9, wherein heating comprises substantially uniformlj 
5 increasing a permeability of a majority of the heated section. 



D 
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2654. The^nethod ofblaim 2619, wherein the heating is controlled to yield greater than 



about 60f% by weight 



2655. The method of 
production well, and 
for each production wdll 



f condensable hydrocarbons, as measured by Fischer Assay. 



:laii£i\26l9 ? further comprising producing ^mixture in a 
v|ierein at leasTabout 7 heat sources are^aisposed in the formation 



2656. The methocfof claim 2619, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a^nit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattejaf. 



m 



2657. The method of claim/6 1 9, further comprising providing heat from three or more 
20 heat sources to at least apportion of the formation, wherein three or more of the heat 
sources are located in/the formation in a unit of heat sources, wherein the unit of heat 
sources comprises^ triangular pattern, and wherein a plurality of the units are repeated 
over an area oftne formation to form a repetitive pattern of units. 



25 2658. A/fnethod of treating a coal formation in situ, comprising: 

/providing heat from one or more heat sources to at least a portion of the 
forn/ation; 

allowing the heat to transfer from the one or more heat sources to a selected 
sejction of the formation; and 
30 \ producing a mixture fromJheJ^^ a production well, wherein the 

producttDn^elHsi^Jcatedsuch that a majority of the mixture produced from the 
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formation comprises non- condensable hy drocarbons and a non-condensable component 
comprising hydrogen. 

2659. The method of claim 2658, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two hea), 
sources pyrolyzes at least some hydrocarbons within the selected section i 
formation. 



CO 



2660. The methocyof claim z658 5 further comprising maintaining a temperature within 
10 the selected sectiom within aypyrolysis temperature ra#ge. 

2661 . The method of craim 2658, wherein tKe production well is less than 
approximately 6 m ttvm a heat source oj/uie one or more heat sources. 



15 2662. The method of claim 265#, wherein the production well is less than 
approximately 3 m from a heaff source of the one or more heat sources. 



Ell 
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2663. The method of/claim 2658, wherein the production well is less than 
approximately 1 .5 in from a heat source of the one or more heat sources. 

2664. The nfethod of claim 2658, wherein an additional heat source is positioned within 
a welHxnyof the production well. 



2665( The method of claim 2658, wherein the one or more heat sources comprise 
25 electrical heaters. 

2666. The method of claim 2658, wherein the one or more heat sources comprise 
surface burners. 



30 256i^Tlie method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distnbuted cuinbiWlois." 

2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2670. The method ofrclaim 2658, further comprising controlling the h^f such that an 
average heating rateM the selected section is less than about 1 °C4$er day during 
pyrolysis. 

267 1 . The method of claim 2658rwKerein providing heat from the one or more heat 
sources to at least t>he nortion of formation comfnises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an^Tverage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C y *fy 

wherein Pwms the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



2672/ The method of claim 2658, wherein allowing the heat to transfer from the one or 
afore heat sources to the selected section comprises transferring heat substantially by 



cor 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sourcesl^yriipiiboij hcuLing the Selected section such that a thermal conductivity!)! 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1st 



2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2675. The method ofclaim s 2658, wherein the produced mixture comprises comtensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weighLtfr the 



condensable hydr< 



condensable hydr< 



carbons are olefins. 



2676. The method of claiA265&<^herein a molar ratio of ethene to ethane in the non- 



carbons ranges from about 0.001 to about 0.15. 



2677. The method of claim 2658, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons^fs nitrogen. 

2678. The method of claim 26#8, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiirless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable4iydrocarbons is oxygen. 

2679. The methoa of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, afnd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the Condensable hydrocarbons is sulfur. 



2680. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, andwhg 
containingcompounds comprisej 
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2 68 1 . The method of claim 2658, wherein the pro duced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by welgETDfthe^ndensable 
hydrocarbons are aromatic compounds. 



2682. The method of claim 2658, wherein the produced mixture comprises condensab) 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2683. The method of claim 26:>8, wherein the produced mixttfre comprises condensable 



hydrocarbons, andwhereinyftess 
hydrocarbons are/asphalt^n js . | 



than about 0.3 % by weignt of the condensable 



2684. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, ami wherein about 5 % py weight to about 30 % by weight of the 
condensable hydrocarbons are cycLefalkanes. 

2685. The method of claimi:658, wherein the produced mixture comprises a non- 
condensable component, Wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable comizfonent. 

2686. The inethod of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2687: The method of claim 2658, wherein the produced mixture comprises ammonia, 
andwherein the ammonia is used to produce fertilizer. 



2688. The method of claim 2658, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2689. The method of claim 2 658 T furth er rnmpriGinp controlling fo rmation conditions 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greafei^han 
about 0.5 bar. \ 

2690. The method of claim 2689, wherein the partial pressure of H2 within the mixture 
is measured when the mixturens at a production well. / 

2691 . The method of claim 2658, further comprising altering a pressure w#nin the 
formation to inMbit production of hydrocarbons from^fie formation hayifig carbon 
numbers greater than about 25. / / 

2692. The method of cmim 2658, further comprising controlling formation conditions 
by recirculamng a portion of the hydrogen from the mixture into the formation. 

2693. The method of claim 2658, further compming: 

providing hydrogen (H2) to the heatea section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2694. The method of claini 2658, further comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenatiiig a portion of the produced condensable hydrocarbons with at least 

portion of the produced hydrogen. 

2695. ^ihe method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
rmllidarcy. 

2696. The method of claim 2658, wherein allowing the heat to transfer comprises 
suMtMtiallyuniformly increasing a permeability of a majority of the~seleeted-sect" 
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2697. 



The metho^rf-ciSnn 2658, further comprising controlling the heat to yield greater 
»out 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay^ 



2698. The method of claim 2658, wherein producing the mixture compris^producing 
the mixture in a production well, and wherein at least about 7 heat soupdes are disposed in 
the formation for^ach j)KxIuction well. y 

2699. The/method <af claim 2658, furthep^omprising providing heat from three or more 
heat sources to at leas^a portion of Jj^erormation, wtierein three or more of the heat 
sources are located/in theTfonflation in a unit of/neat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2700. The method of claim 2658, fitfther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2701 . A method pf treating a coal formation in situ, comprising: 

providing heat to at least a portion of the formation from one or more first heat 
sources placed within a pattern in the formation; 

allowing the heat to transfer from the one or more first heat sources to a first 
section of the formation; 

/heating a second section of the formation with at least one second heat source, 
wherein the second section is located within the first section, and wherein at least the one 
secopd heat source is configured to raise an average temperature of a portion of the 
seco\^sect ^n to a higher te mper^ 

producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
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condeng 
components. 



:>ons and a non-condensable compor 



ising H 2 



2702. The method of claim 2701, wherein the one or more first heat sources comprise a) 
5 least two hep sources, and wherein superpositionpf heat from at least the two heat 
sources pyrplyzes at least some hydrocarbops'within the first section of the fojarfation. 



10 



2703. The 



method 



ff, further comprising maintainijaga temperature within 



the first section within a pyrolysis temperature range. 

2704. The method of claim 2701, wherein atj^ast the one heat source comprises a 
heater element positioned within the production well. 



S 



ill 



□ 



2705. The method of claim 27(H^ wherein at least the one second heat source comprises 
15 an electrical heater. 

2706. The method pi claim 2701, wherein at least the one second heat source comprises 
a surface burner. 

20 2707. The method of claim 2701, wherein at least the one second heat source comprises 
a flametess distributed combustor. 



Zf08. The method of claim 2701, wherein at least the one second heat source comprises 
'a natural distributed combustor. 

2709. The method of claim 2701, further comprising controlling a pressure and a 
iperature within at least a majority of the first or the second section of the formation, 



wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



30 
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2710. The method of claim 2701, further comprising controlling the heat such that an 
average heating rate of the first section is less ttairabetttJJ^jser day during pyrolysis. 
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271 1. The method of claim 270 1, wherein providing heat to the formation further 
comprises: 

heating a selected volume (V) of the from the one or more first heat sources, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least sefneli^rocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than^r, 



wherein Pyvr is calculate* 
vr = h*V*C v 
/wherein Pwr is/the 



y the equation: 



heating energy/d^Tz is an average hpafrng rate of the 



formation, p B is 



formation bul^d^ 



and wherein the hs^ung rate is less than about 10 



2712. \The method of claim 2701, wherein allowing the heat to transfer comprises 
transfernng-heat substantially by co#miction. 

2713. The method of claim 2701, wherein providing heat from the one or more first heat 
sources comprises heatfng the first section such that a thermal conductivity of at least a 
portion of the first/section is greater than about 0.5 W/(m °C). 



25 



2714. The^method of claim 2701, wherein the produced mixture comprises condensable 
hydrocait>ons having an API gravity of at least about 25°. 



27/5. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 2 \1 6. The method of cIaim27fii^AvherehTTmo^ of ethene to ethane in the non^ 
cOflwie^saweTlydrocarbons ranges from about 0.001 to about 0.15. 
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2717^_Ji©-ffletfio3 - ofclaim 2701, wherein the produced mixtare^eoqiprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculation an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 



2718. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated oivan atomic 
basis, of the condensable hydrocarbons is oxygen. 



m 



a 
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10 2719. The method of claim 2701 , wherein the produced mixtuj^comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight^^nen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2720. The method 
1 5 hydrocarbons, /vher sin 
hydrocarbons 



20 




erein tfre produced mixture comprises condensable 
y weight to about 30 % by weight of the condensable 
containing compounds, and wherein the oxygen 



containing compounds compris^phenols. 

272 1 . The method of cl#im 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 



2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2722!. The method of claim 2701, wherein the producedjijixtare^omprises condensable 
hydrocarbons, and wherein les 
hydrocarbons are asphaltenes. 



oduco^jruxt 

hydrocarbons, and wherein less than about OJWo'by weight of the condensable 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons^an^ja&erei^ by weight to about 30 % by weightoi 
condensable hydrocarbons are cycloalkanes. 

2725. The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydragen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condepgable 
component, and wherein the hydrogen is less than about 80 % by volum^df the non- 
condeijs^BI^eomponent. 



2726. The method ot claim 2701, wherein the produced imxture comprises ammonia, 
and wherein greater than about 0.05 % by weight of tjze produced mixture is ammonia. 

2\727. The mqttiod of claini^TW^wherein the'produced mixture comprises ammonia, 
arid wherein the ammonia is used to product fertilizer. 



2728. The method of claim 2701/further comprising controlling a pressure within at 
least a majority of the first or tHe second section of the formation, wherein the controlled 
pressure is at least about 2 So bar absolute. 

2729. The method m claim 2701, further comprising controlling formation conditions to 
produce the mix^ire, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar., 

2730. The method of claim 2729, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



pressure within the 



2V3 1 . The method of claim 270 1 , further comprising 
formation to inhibit prodiaction-efilydrocarbons from the formation having carbon 



numbers greater than about 25. 
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2732. The method of claim 2701, further comprising controlling formation cone 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. The method of claim 2701, further comprising: 
providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons mtKin the firk or second section, respectively; and 

heatiflg a portion of the first or second section, respectively^ith heat from 
hydrogenafion. 

2734. / The method of claim 270 1 , further comprising: 
producing condensable hydrocarbons from the formation; and 

hydrogenating a portion of the prpduced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2735. The method of claim^701, wherein allowing the heat to transfer comprises 
increasing a permeability/6f a majority of the first or second section to greater than about 
100 millidarcy. 

2736. The method of claim 270 1 , wherein allowing the heat to transfer comprises 
substantial}/ uniformly increasing a permeability of a majority of the first or second 
section. 

2737. The method of claim 2701, wherein heating the first or the second section is 
mtrolled to yield greater than about 60 % by weight of condensable hydrocarbons, as 

''measured by Fischer Assay. 



2738. The method of claim 2701, wherein at least about 7 heat sources are disposed in 
the formation for each production well. 




>7-3j ^ The m eflK^d^ftlaim 2701, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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-sources aic lutalod in IIil funnaiion in a unit or heat sources, and^feetgioJhe unit of heat 
sources comprises a triangular pattern. 

2740. The method of claim 2701, further comprising providing heat from three or mpre 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit o&neat 
sources comprises a triangular pattern, and wherein a plurality of the units a$erepeated 
over an area of the formation to form a repetitive pattern of units. 



y 



i?2 



□ 



10 2741 . A methpu pf treating a coal formation in^itu, comprising 

providing tfjeat into the formation from a plurality of h^at sources placed in a 
pattern withip the f^piation, wherein a spacing between jjeat sources is greater than 
about 6 m; 

allowing the heat to transfer from the plurajity of heat sources to a selected 
1 5 section of thettormation; 

producing-a mixture from the formati6n from a plurality of production wells, 
wherein the plurality of production wells/are positioned within the pattern, and wherein a 
spacing between production wells is greater than about 12 m. 

20 2742. The method of claim 274 1 , wherein superposition of heat from the plurality of 
heat sources pyrolyzes at l^st some hydrocarbons within the selected section of the 
formation. 



2743. The methjeKl of claim 2741, further comprising maintaining a temperature within 
25 the selected section within a pyrolysis temperature range. 

2744. /The method of claim 2741, wherein the plurality of heat sources comprises 
electrical heaters. 



30 /2745. The method of claim 27£i<wKerein the plurality of heat sources comprises 
surface burners. 
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274d^--Ihe-TTlS!Kod of claim 2741, wherein the plurality of heat sources comprises 
flameless distributed combustors. 

5 2747. The method of claim 274 1 , wherein the plurality of heat sources^pdmprises 
natural distributed combustors. 
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2748. The method of claim 2741, further comprising containing a pressure and a 
temperature within at least a majority of the selected sermon of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2749. Th^metHi 
heatim; r 



average 
pyrolysis 



pd of claim 2741, further Comprising controlling the heat such that an 
rate of the selected section is less than about 1 °C per day during 




2750. Tl^mejfhod of claim 2^4l, wherein providing heat from the plurality of heat 
comprises: 

heating a selected/olume (V) of the coal formation from the plurality of heat 
sources, wherein the foraiation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is Calculated by the equation: 

Pwr jh*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/da/ 



27 p 1 . The method of claim 274 1 , wherein allowing the heat to transfer comprises 
30 transferring heat.substantially-byTTJ^ 



608 



Conley, Rose & Tayon, P C. 



* 



2752. The method of claim 2741, wherein providing heat comprises heating the selected 
forfflafioiTsuch that a thermal conductivity of at least a portion of tfre-seteeted-S££tion is 
greater than about 0.5 W/(m °C). 

2753. The method of claim 2741, wherein the produced mixture comprjs^s condensable 
hydrocarbons having an API gravity of at least about 25°. 



2754. The 
hydrocarby 
condens; 



of claim 2741, wherein the produced/mixture comprises condensable 
wherein about 0.1 % by weight tj^about 1 5 % by weight of the 
is are olefins. 




2755. The methdd>9f claim 274J<whej^in the produced mixture comprises non- 
condensaMe hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable^jfrocarbons ranges from about 0.001 to about 0.15. 



2756. The method of clajm 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2757. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, ofthe condensable hydrocarbons is oxygen. 

2768. The method of claim 2741, wherein the produced mixture comprises condensable 
lydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



2759. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise phenols. 
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hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



276 1 . Tfce method of claim 274 1 , wherein the produced mixture comprises i 
hydrocarbons, and Vherein less than about 5 % by weight of the cqrjdefisable 
hydr6carbons\comprises multi-ring aromatics with more than^two rings. 
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10 2762- Th^ methocTofcIaim 2741, wherein tl^tfroduced mixture comprises condensable 
hydrb£2?6ons, and wherein less than abpdf 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2763. The method of cteim 2741, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

2764. Theonethod of claim 2741, wherein the produced mixture comprises a non- 
condensarole component, wherein the non-condensable component comprises hydrogen, 

20 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2765^. The method of claim 2741, wherein the produced mixture comprises ammonia, 
25 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



E766. The method of claim 2741, wherein the produced mixture comprises ammonia, 
anfls vhere i n the ammonia i s uccd to produce fertilize 
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2767. The method ofjJaii»-374l7fCfiffi^ 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



5 2768. The method of claim 2741, further comprising controlling formauon conditions to 
produce the mixture, wherein a partial pressure of H2 within the nature is greater than 
about 0.5 bar. 

2769. The method of claim 2768, wherein the partial pressure of H2 within the mixture 
10 is measured when the mixture is at a production we)K 

2770. Th? method of clainr^74 1 , further cojilprising altering a pressure within the 
formatioi/ to inhibit broduction of hydropstfbons from the formation having carbon 



15 



numbers 



greater mamabout 25. 



J2? 2771 . Th^mpmod of claim 2741 /further comprising controlling formation conditions 

by recirculating a portion of hydrogen from the mixture into the formation. 

i=% / 

2772. The method of claim 274 1 , further comprising: 

Q 20 providing hydrosen (H2) to the selected section to hydrogenate hydrocarbons 

within the selected section; and 

heating a porfion of the selected section with heat from hydrogenation. 

2773. The method of claim 2741, further comprising: 

25 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrpgenating a portion of the produced condensable hydrocarbons with at least a 
portion qfthe produced hydrogen. 



211 ft. The; method of claim 2741, wherein allowing the heat to transfer comprises 
30 incteastftglfpeniteability of a majority of the selected section to greater than about 100 
millidarcy. 
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^2775^TTi£.methori of claim 7741 .jadlgrginallo wing the heat to transfer comprises 
substantially uniformly increasing a^eraieabifel'y of a majorily-of^he-S^lected section. 

5 2776. The method of claim 274 1, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fisd^r Assay. 
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2777. The method of claim 2741, wherein at least about 7 heat sourp^s are disposed in 
the formation for each production well. 

2778. The method of claim 2741, further comprising providing heat from three or more 
heat sources /o at lea^t a portion of the formation, whemn three or more of the heat 
sources are located in the formation in a unit of hegi sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2779. The mbtiy/d of claim 2741, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uilit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, am wherein a plurality of the units are repeated 
over an area of the formation to foraya repetitive pattern of units. 



2780. A system configured^ heat a coal formation, comprising: 

a heater dispose^Kn an opening in the formation, wherein the heater is configured 
to provide heat to aUeast a portion of the formation during use; 
25 an oxidizing fluid source; 

a conjiuit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing Jluid from the oxidizing fluid source to a reaction zone in the formation during 
use, an£ wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the faction zone during use such that heat is generat ed at the reaction zon e: and 
30 / wherein the systemjsxonfigured^ allow heat to transfer substantially by 
condiK^ienr^ronrthe reaction zone to a pyrolysis zone of the formation during use. 
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278 1 . The systej2i^^MiTr278T), wherein the oxidizmg^h»4j^configured to generate 
Safinthe reaction zone such that the oxidizing fluid is transported though the reaction 
zone substantially by diffusion. 



2782. The system of claim 2780, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



I* 
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2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that^ratebf oxidation in the formation is coi>trolled. 

2784. The systera\f claim 2780, w)*6rein the conduit is further configured to be cooled 



with the oxidizing 



'the conduit is not substantially heated by oxidation. 



2785. The systfenr of claim 2780, wh^ein the conduit is further configured to remove an 
oxidation product. 

2786. The system of claim 2^80, wherein the conduit is further configured to remove an 
oxidation product such th^a the oxidation product transfers substantial heat to the 
oxidizing fluid. 



25 



2787. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



30 



2788/ The system of claim 2780, wherein the conduit isfiirtheL£cm£gu ^d t u icniuv c air 
oxidation product, and wherein^ressnTe^oTthe oxidizing fluid in the conduit and a 
press»euxUti©-exidaSon product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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2789. The system of claim IJNyjedi&tt is hmherconfigured to remove an 

oxidation produet^SnJwherein the oxidation product is substantially inhibf^d from 
flowing into portions of the formation beyond the reaction zone. 



5 2790. The system of claim 2780, wherein the oxidizing fluid is substamially inhibited 
from flowing into portions of the formation beyond the reaction zojae. 



10 



2791 . The systdnoF^laim 2780, further comprising a ctrder conduit disposed within 
the conduit, /wherein the\center conduit is configured to^rovide the oxidizing fluid into 
the opening during use, alrfti wherein the cjmduit is fjmher configured to remove an 
oxidation pioduct during! use. 
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2792. The system of/laim 2780, whereh* the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2793. The system of claim 278)0, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured toAeat at least a portion of the formation during application of an 
electrical current to the Conductor. 

2794. The systenVof claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 

2795. TMe system of claim 2780, further comprising at least one elongated member 
disposer within the opening, wherein the at least the one elongated member^Gerrfigured 



to heat 



t least a portion of the formation during application of>a~eIectrical current to the 



at least the one elongated member. 
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2796. The sy stemg£i^dim-2?SUr farther comprising a heaTeXchaRgerdisposed external 

5rmation, wherein the heat exchanger is configured to heat the oxidising fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid mto the 
opening during use, and wherein the heated oxidizing fluid is configured to heaj at least a 
portion of the formation during use. 
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2797. The system of claim 2780, further comprising an overburden casjftg coupled to 
the opening, wherein the overburden casing is disposed in an overbujxlen of the 
formation. 



2798. The 
the opening, 
formation, a 



stem of clkun 2780, further comprising an overburden casing coupled to 
wherein the Vwerburden casing is ^jiisposed/in an overburden of the 
wherein tne oWburden casing compnses steel. 



2799. The system of claim 2780, further coniprising an overburden casing coupled to 
the opening, wherfeiojlje overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing is further disposed in cement. 

2800. The system of claim 2780; further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2801 . The system ofclaim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening;, and wherein the packing material is configured to substantially inhibit a 
flow of fluid ibetween the opening and the overburden casing during use. 



2802. Tht system of claim 2780, further comprisiiigjiijweriTlif^n casing coupled to 
30 the opening, wherein the overbiirdeni^SHTgTsdisposed in an overburden of the 
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formation, wherein^packkigTiTafenal is disposed at a junction of the overburden casing 
■artd*lKe~operiing, and wherein the packing material comprises cement. 



2803. The system of claim 2780, wherein the system is further configured suen that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysiy^one. 



2804. A system configurable to heat a coal formation, comppi&ng: 



heater 
use; 



a heater configurable to be disposed in an openingan the formation, wherein the 
is further configurable to provide heat to at leagt a portion of the formation during 



conduii configurable to be disposed/in the opening, wherein the conduit is 
configurable to provide an oxidizing fluidmrom an oxidizing fluid source to a reaction 
zone in the formation during use, and jwherein the system is configurable to allow the 
oxidizing fluid to oxidize at least s0me hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; and 

wherein the system further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2805. The system of claim 2804, wherein the oxidizing fluid is configurable to generate 
heat in the reactioia zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2806. The4ystem of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



2807/ The system of claim 2804, wherein the conduit comprises critical flow orifices, 
and (wherein the critical flow orifices are coniiguiabteiS^ontrol a flow of the oxidizing 
fluid such that a rate of oj^dartonm the formation is controlled. 
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2808. The^slem-efrtalm wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated b^ 
oxidation. 



2809. The system of claim 2804, wherein the conduit is further^pdnfigurable to remove 
an oxidation product. 

2810. The system of claim 2804, wherein the conduir is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

system of claim 2804, whereiiyme conduit is further configurable to remove 
an oxidation product, and wherein a flov? rate of the oxidizing fluid in the conduit is 
approximately equal to a flowrate oMie oxidation product in the conduit. 

2812. TheWstem of claim 2804, wherein the conduit is further configurable to remove 
an oxidation preauct, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by /he oxidizing fluid. 

2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation prodiict, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2814. The System of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2815. /The system of claim 2804, further comprising a centerixuidtri^ within 
the conduit, wherein center conduit is configuj^bteloprovide the oxidizing fluid into the 
opening during use, and whereijx-thg'conduit is further configurable to remove an 
oxidation productiiuritigiise. 
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2&4 6. The ^systernrOfcIaim 2804, wherein the portion of the formationext 
from the opening a width of less than approximately 0.2 m. 



radially 
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2817. The system of claim 2804, further comprising a conductor disposed in a spcJond 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is (Configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. 

281 8. The systeqfi of claim 2804, further comprising^ in insulated conductor disposed 
within the orieninjL wherein the ululated conductor is configurable to heat at least a 
portion of the location during applicatiojrm an electrical current to the insulated 
conductor. 



□ 



5 



2819. The system of claim 2J804, further comprising at least one elongated member 
15 disposed-within the opening, wherein the at least the one elongated member is 

configurable to heat at ^ast a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2820. The system of claim 2804, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

wherein me conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a ponion of the formation during use. 



25 /82 1 . The system of claim 2804, further comprising an overburden casing coupled to 
f the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 




2822. The system of claim 2804, fiir^jei^eernpnsing an overburden casing coupled to 
le opening, wheigiii4her - 5ve^urden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2823. The system of claim 2804, f urther comprising an overburden casing coupled to 
thei^ierLiftgr^^ casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casinep(5upled to 
the opening, wherein a packing material is disposed at a junction of thp^verburden 
casing and the opening. 



2825. The system of claim 2804, further jromprising ^overburden casing coupled to 
the opening, wherein the overburden casing is dispp^ed in an overburden of the 



formation, w! 
and the open 
a flow of flui 



erein p\packing material is dispo^d at a junction of the overburden casing 
ng, anfd wherein the packing material is configurable to substantially inhibit 
between the opening andahe overburden casing during use. 



2826. The system of claim 280^; further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



2827. The systenVof claim 2804, wherein the system is further configurable such that 
transferred heat /an pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2828. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substanti^ly-^y^onduction from the reaction zone 
to a pyrolysis zone in the formatu; 
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2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
throughJhe-reacfioirzone by diffusion. 

2830. The method of claim 2828, farther comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening., 

283 1 . The method of claim 2828, further comprising controlling a flow of tj^oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening suphrlhat a rate of 
oxidation is controlled. 

2832. The method of claim 2828, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a yemime of the reaction zone such 
that a rate of o>^datioh4s substantially constant ovpr time within the reaction zone. 

2833. The niethod of claim 2828, wherein/d conduit is disposed in the opening, the 
method further comprising cooling^Ke conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

2834. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

2835. The method offclaim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. 



2836. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method fiu4her comprising removing an oxidation product from thejbj 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidationproducJ in the conduit. . 



2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation /through 
the conduit and controlling a pressure between the oxidizing fluid and the oxjtiation 
product in the conduit to reduce contamination of the oxidation product byrhe oxidizing 
fluid. 



10 



2838. The method^fdaim 2828, wherein a conduit is disposed within the opening, the 
method further c6mprising\removing an oxidation producj/from the formation through 



the conduit an 
of the formati 



itially\inhibiting }he oxidationpfoduct from flowing into portions 
>n bejfoncKthe reaction z#ne. 



15 2839. The method of claim 2828, furthepxomprising substantially inhibiting the 
oxidizing fluia^ojn flowing into portions of the formation beyond the reaction zone. 



20 



2840. The method of claim 23^8, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



25 



2841 . The met-nod of claim 2828, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
withm the opening. 



30 2843V The method of claim 2828, wliei^iiTlieating the portion comprises applying 
electricarcu^Rt4e-atrir[^^ conductor disposed within the opening. 
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2844^- Tht uieth 5d"^FcImm2828 ; wherein heating the portioivconipm^applying 
electrical current to at least one elongated member disposed within the opening 



2845. The method of claim 2828, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the jreated oxidizing 
fluid to the portion. 

2846. The method of claim 2828, further comprising removii^f water from the formation 
prior to heafting the portion. 



2847. 
formation 



2848. 




of claim 2828/further comprising controlling the temperature of the 
it production of oxides of nitrogen during oxidation. 



le method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden^asing is disposed in an overburden of the 
formation. 



2849. The method of clainr 2828, further comprising coupling an overburden casing to 
the opening, wherein the^overburden casing is disposed in an overburden of the 
formation, and wherem the overburden casing comprises steel. 

2850. The method of claim 2828, further comprising coupling an overburden casing to 
the openingywherein the overburden casing is disposed in an overburden of the 
formation; and wherein the overburden casing is further disposed in cement. 



285/. The method of claim 2828, further comprising coupling an^oypJ^uFden^Ssi^ to 

opening, wherein a packing material is^dj^posed^Fajunction of the overburden 
basing and the opening. 
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^2852. Ui e^aethgcfof claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 
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2853. A system configured to heat a coal formation, comprising: 
a heater disposed in an opening in the formation, wherein the heater is c^fifigured 

to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; 

a conduit di^5ose9sm the opening, wherein the conduit is configured to provide an 
oxidizing fluid fe6m the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is aefnerated at / #ie reaction zone, and wherein the 
conduit is funher configured to remoye'an oxidatipn product from the formation during 
use; and 

wherein the system is configured \zf allow heat to transfer substantially by 
conduction from the reaction zone to a^pyrolysis zone of the formation during use. 

2854. The system of claim 2858, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone suj^rhat the oxidizing fluid is. transported through the reaction 
zone substantially by diffusion. 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured ro^rovide the oxidizing fluid into the opening. 



2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
25 and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid sucM that a rate of oxidation in the formation is controlled. 

285 If The system of claim 2853, w herein the conduit is further configured to be c ooled 
with mei5xi31zlngfluid such that the conduit is not substantially heated by oxidation. 



30 
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2858. Thejyst^n-ofclaim 2853, wherein the conduit is further configured sufch that the 
oxidation product transfers heat to the oxidizing fluid. / 

2859. The system of claim 2853, wherein a flow rate of the oxidizing fltfid in the 
conduit is approximately equal to a flow rate of the oxidation produ^m the conduit. 

2860. The system of claim 2853, wherein a pressure of the/dxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit ^controlled to reduce 
contamkfation of the oxidation product by the oxidizmg fluid. 

2861. The system of claim 2853, wherein the oxidation product is substantially inhibited 
from flowing into pbfti^nsof the formation beyond the reaction zone. 

2 562. The system of claim 2853/wherein the oxidizing fluid is substantially inhibited 
from-fldwing into portions of ttfe formation beyond the reaction zone. 

2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. 

2864. The system of claim 2853, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2865. The system of claim 2853, further comprising a conductor disposed in a second 
conduit/wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conductor. 

2806. The system of claim 2853, fiijlhefcomprising an insulated conductor disposed 
within the opening, whergkrtfie insulated conductor is configured to heat at least a 
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portioi^tiJIeTormation during application of an electrical current to theTt 
conductor. 



2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member i^configured 
to heat at least a portion of the formation during application of an electripm current to the, 
at least the one^Iongated mfember. 

2868. The system of claim 2853, further ^mprising a heat/exchanger disposed external 
to the formation, whereirKtfie heat exchanger is configm^a to heat the oxidizing fluid, 
wherein l|he conduit is further configured to provide^ne heated oxidizing fluid into the 
opening during use, and wherein the heated oxijKzing fluid is configured to heat at least a 
portion of the formation during use. 



15 2869. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overbupien casing is disposed in an overburden of the 
formation. 

2870. The system of craim 2853, further comprising an overburden casing coupled to 
20 the opening, wherebr the overburden casing is disposed in an overburden of the 
formation, and wnerein the overburden casing comprises steel. 



2871 . The/system of claim 2853, further comprising an overburden casing coupled to 
the openmg, wherein the overburden casing is disposed in an overburden of the 
25 formation, and wherein the overburden casing is further disposed in cement. 

28^2. The system of claim 2853, further comprising^an-evefBurden casing coupled to 
thfc opening, wherein a packing materiaHSmsposed at a junction of the overburden 
castoe and the or 
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System of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing duptfig use. 



2874. The system of claim 2853, further comprising an overburden casing coupled to 
the openin&wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 



10 and the 

2875 
transft 



/opening, and wherehrthe packing crfaterial comprises cement. 



Thp system j>f daim 2853, wherein the system is further configured such that 
heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



y 

Q 



11 1 



□ 



15 2876. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 
use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
20 further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 

reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is/generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the formation during use; and 
25 /wherein the system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone to a pyrolysis zone during use. 
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2877. ThQsystem of claim 2876, whereinj^ 

heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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"^28?Sr^The^ystem of claim 2876, wherein the conduit comprises orifices, ; 
the orifices are configurable to provide the oxidizing fluid into the opening. 



/herein 



2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a^flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlk 



i — 
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The s>ratem of claim 2876, wherein the conduit is further configurable to be 



with thi 




at the commit is not substantially heated by 



2880. 
coole 
10 oxidaion. 

2881. \The syslfem of claim 2876, wherein the conduit is further configurable such that 
the oxidatfe&^roduct transfers hear to the oxidizing fluid. 

15 2882. The system of claim/2876, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately/equal to a flow rate of the oxidation product in the conduit. 

2883. The systenyof claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
20 contamination^ af the oxidation product by the oxidizing fluid. 



2884. T/fee system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

25 2J885. The system of claim 2876, wherein the oxidizing fluid is substantially inhibited 
/from flowing into portions of the formation beyond the reaction zone. 



2886. The system of claim 2876, furtherttyi^^ conduit disposed within 

the conduit, wherein cenler-etffifluit is configurable to provide the oxidizing fluid into the 
openinecJuFfflg^ use. 
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2i£s : ^- : Fhe-^ 2876, wherein the portlorToI 

from the opening a width of less than approximately 0.2 m. 



jtion extends radially 



2888. The system of claim 2876, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during applicatiptfi of 
an electrical current to the conductor. 



!» 



I* 



2889. The system of claim 2876, further cojnprtsing an insulated cprfciuctor disposed 
10 within the opening/wherein the iiisulatea conductor is configupafue to heat at least a 

portion of the formation during application of an electrica^<5urrent to the insulated 
conductor. 

2890. The systenrotd^im 2876, further coHiprising at least one elongated member 
15 disposed within the opening, wherein th^at least the one elongated member is 

configurable to heat at least a portiopfof the formation during application of an electrical 
current to the at least the one elpiigated member. 

2891 . The system of claim 2876, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during'use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion ofohe formation during use. 



25 2892/ The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2893. "The^Sy gtgm of claim 2876. fu rthe r r-nrnp r isinp fln . nvPirhiirfton pn s ing rmiplerl tn 

30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2894, — Tfee-sysfernof claim 2876, further comprising an overburden casing couple^fo 
the opening, wherein the overburden casing is disposed in an overburden of th§ 
formation, and wherein the overburden casing is further disposed in cement 

2895. The system of claim 2876, further comprising an overburden /basing coupled to 
the opening, wherein a packing material is disposed at a junction pi the overburden 
casing and the opening. 
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2896. The system of ckifei 2876, further comprising ^/overburden casing coupled to 
the opening, whdrein the overburden casing is disposed in an overburden of the 



formation, wher 
and the opening 
a flow of fluid b 



in a packiiig^material is disposecnat a junction of the overburden casing 
and wherein the p^ekmg^nat^rial is configurable to substantially inhibit 
tween the/opening and thp / overburden casing during use. 



2897. The system ofuaim 2876, furfher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing neraterial is disposed at a junction of the overburden casing 
and the opening, and wherejn the packing material comprises cement. 

2898. The system ofclaim 2876, wherein the system is further configurable such that 
transferred heat car^pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2899. An in tfitu method for heating a coal formation, comprising: 
25 heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarpons within the portion of the formation with an oxidizing fluid, wherein the 
portioiyis located substantially adjacent to an opening in the formation; 
providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
30 the ruction zone to generate heat iru the-reae^en-zoner — " — 



removing at least a portion of an oxidation product through the opening; and 
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trangfei^kig^he^generSed heat substantially by conduction from the reaction zone, 
to a pyrolysis zone in the formation. 



2900. The method of claim 2899, further comprising transporting d^midizing fluid 
5 through the reaction zone by diffusion. 

2901 . The method of claim X899, further comprisjflg directing at least a portion of the 
oxidizing fluid/into the opening through orifices of a^ednduit disposed in the opening. 
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2902. The 
fluid with critical 
oxidation is 



ethod of diami 2899, fui^Kep^omprising controlling a flow of the oxidizing 

flow/orifices of a^k5hduit disposed in the opening such that a rate of 
ntrolleg 



20 



2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
fluid in *he opening to Accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 

2904. The metnod of claim 2899, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid such that the 
conduit is not substantially heated by oxidation. 



25 
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2905. The method of claim 2899, wherein a conduit is disposed within the opening, and 
where/n removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

29j06. The method of claim 2899, wherein a conduit is disposed within the opening, and 
lerein removing at least the portion of the oxidation product through the opening 
>mprises removing at least the portion of the oxidation product through the conduit, the 
lethod further comprising transferring substantial heat from the oxi dation product 
)nduit to the oxidizing fluid in thee* 
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2907. The methodofclaim^ within the openuTf 

wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the cpfrffuit, and 
wherein a flow rate of the oxidizing fluid in the conduit is approximately€qual to a flow 
rate of the oxidation product in the conduit. 



□ 



comprises rem )vin; 
method further 



2908. The mettfodiof claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing atueast the portion of the oxidatiop / product through the opening 

n at least the portion ofthe oxj^ation product through the conduit, the 
10 method further! con prising controlling a press*fre between the oxidizing fluid and the 
oxidation product ip the conduit to reduce^eiontamination ofthe oxidation product by the 
oxidizing fluid. \J 

2909. The method of claim 2899, wherein a conduit is disposed within the opening, and 
15 wherein removing at least the jportion of the oxidation product through the opening 

comprises removing at leasjrthe portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 

20 2910. The method of claim 2899, further comprising substantially inhibiting the 

oxidizing fluid/rrom flowing into portions of the formation beyond the reaction zone. 



25 



291 1 . Th4 method of claim 2899, wherein a center conduit is disposed within an outer 
conduit/and wherein the outer conduit is disposed within the opening, the method further 
composing providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 



2^12. The method of claim 2899, whereinjthe^i&errof^ extmisTadiaHy- 
frdh^the opening„aJ^4dth^fTess than approximately 0.2 m. 
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29 1 3^Tnigj2ie&©th3fclaim wnerein heating the poilioli ccmtprises^gEl^g 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 



2914. The method of claim 2899, wherein heating the portion comprke^applying 
electrical current to an insulated conductor disposed within the on^mng. 
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2915. The method of </laim 2$^9, wherein heating the g^rtion comprises applying 
electrical current to at lleast onjz el^gated membej^posed within the opening. 

2916. The method of cW6 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

291 7. The method of claim ^899, further comprising removing water from the formation 
prior to heating the portior 



291 8. The method m claim 2899, further comprising controlling the temperature of the 
20 formation to substantially inhibit production of oxides of nitrogen during oxidation. 



25 



291 9. The/method of claim 2899, further comprising coupling an overburden casing to 
the opemng, wherein the overburden casing is disposed in an overburden of the 
formation. 

2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2921. The method of claim 2899, further comprising coupling an overburden casing to 
the~Dpening, wherein the overburden casing is aispoSecHf 



l^erburden of the 

formation, and wherein the overburden casing is further disposed in cement. 



2922. The method of claim 2899, further comprising coupling an overburden casing toy 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the/Opening. 




aim 2899, wherein the pyrolysis zone is substantially adjacent to 



2923. Ttfe method 
) the reactil 



2924. A system configured to heat a coal formation, comprising: 

an electric heater disposed in an opening in^ne formation, wherein the electric 
heater is configured to provide heat to at least ^portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed in the openm§, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use^such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2925. The system of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2926; The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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< ^82Z^The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configtired-to^ontoil^flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2928. The system of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2929. The system of claim 2924, wherein the conduit is further configuj^d to remove an 
oxidation product. 

2930. The system of claim 2924,^ wherein the conduit is fiipmer configured to remove an 
oxidation produdt, such ma\ the oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate jtfl the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2932. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation^product in the conduit are controlled to reduce contamination of 
the oxidation product/by the oxidizing fluid. 

2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation pi?oduct, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

293 5.\ The system of claim 2924, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
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"The openin g during use, and wheiciu the c o i * t* t 
oxidation product during use. 



ther configured to remove an 



2936. The system of claim 2924, wherein the portion of the formation extends radially 
5 from the opening a width of less than approximately 0.2 m. 
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2937. The system of claim 2924, further comprising an overburden casing coupled to y 
the opening, whereirfthe overburden casing is disposed in an overburden of the 
formation. 

2938. The^ system of ilkim 2924, further comprising an overburdeff casing coupled to 



the opening, wherein/the 



overburden casing is disposed in ^overburden of the 



formation! and wherein tne overburden casing comprises steel. 




2939. The system of claim 2924, further cpmprising an overburden casing coupled to 
the opening, wherein the overburden caging is disposed in an overburden of the 
formation, and wherein the overbyraen casing is further disposed in cement. 

2940. The system of cteifh 2924, further comprising an overburden casing coupled to 
the opening, wherem'a packing material is disposed at a junction of the overburden 
casing and the pining. 



2941. yTne system of claim 2924, further comprising an overburden casing coupled to 
the/^pening, wherein the overburden casing is disposed in an overburden of the 
25 yformation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



^comgrising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed inan^VertHicagr 
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foYnratiOnTwHerein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924, wherein the system is further configured sucj^ffiat 
5 transferred heat can pyfolyze.at least some hydrocarbons in the pyrolysis zdne. 



O 
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2944. A system configurable to heat a coal fojrmation, compriskig: 
an electric heater configurable to be disposed in an opening in the formation, 

wherein the Electric Heater is further configurable to provide heat to at least a portion of 
the formation during pse, and wherehj/at least the ^rtion is located substantially adjacent 
to the openings; 

a conduiTcbnfigurable to be disposedln the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during jise, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize^at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system \% further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2945. The system off claim 2944, wherein the oxidizing fluid is configurable to generate 
heat in the react^n zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2946. Ihe system of claim 2944, wherein the conduit comprises orifices, and wherein 
25 the orifices are configurable to provide the oxidizing fluid into the opening. 



i947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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2948. The system of claim 2944, wherein the conduit is further configurable to be 
coole d with the oxidiz ing "id *\]ch tbpt ^h* mr^nit ic no t snhstantia^^ by 
oxidation. ^ 



2949. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product. 

2950. The system ofclaim 2944^ wherein the conduit is further configurable to remoygr 
an oxidation product such thatVhe Oxidation product transfers heat to the oxidizing/fluid. 

295 1 . The system of claim 2944><wherein the conduit is further configurable to remove 
an oxidation.proouct, and/wherein a flow rate of the oxidizing fluidin the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2952. The system of claim 2944, wherein the conduins further configurable to remove 
an oxidation product, and wherein a pressure of^tfe oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conjluit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2953. The system ofclaim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions o£tne formation beyond the reaction zone. 

2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2955. The system of claim 2944, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configuiabte-toT^mo^ 
oxidatior^roduct during use. . 1 
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2956. The system of claim 2944, wherein the portion of the formation extends radially 
fromAe openiiiga3idth-of4ess-thaii apyioxiinaLely-0r2- 



2957. The system of claim 2944, further comprising an overburden casing coupleckjo 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2958. The system oj 
the opening, whereir 
formation, and wher< 




her comprising an overburden casing 
^sing is disposed in an overburden^f the 
asinapomprises steel. 



pled to 



2959. The system of cmkfr'2944, further comprising an ov^burden casing coupled to 
the opening, wherein the overburden casing is disposedjtn an overburden of the 
formation, and wherein the overburden casing is firmer disposed in cement. 



2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing materials disposed at a junction of the overburden 
casing and the opening. 

296 1 . The system of clain/2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein packing material is disposed at a junction of the overburden casing 
and the openingyand wherein the packing material is configurable to substantially inhibit 
a flow of fluya between the opening and the overburden casing during use. 



2962. /The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junctional 
the opening, and whereinthsjjaekmgln^ comprises cement. 
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29 @3. The System Of Clai m ? Q 41 nrWnin thf - oy<?t»"m in fiirthpr rn nfignrahlp such that 

transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zon£> 

2964. A system configured to heat a coal formation, comprising: 
a conductor disposed in a first conduit, wherein the first conduit is disposed ifi an 

opening in the formation, and wherein the conductor is configured to provide he^t to at 
least a portion of the foiro^iorr^uring use; 
an oxidizing Quid source; \ 

a second conduit disposed in\he opening, wherein the secon^conduit is 
configured to provide an oxidizing fluM from thp oxidizing fluki'source to a reaction 
zone in the formation dunng usKand wherein the oxidizing^fluid is selected to oxidize at 
least some hydroqarboi)s at the reactionzone during us^uch that heat is generated at the 
reaction zone; and 

wherein the system is configured to afldw heat to transfer substantially by 
conduction from the reaction zone to a pyrmysis zone of the formation during use. 

2965. The system of claim 2964ywherein the oxidizing fluid is configured to generate 
heat in the reaction zone such^nat the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2966. The system^f claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 



2967. T/he system of claim 2964, wherein the second conduit comprises critical flow 
25 orifices, and wherein the critical flow orifices are configured to control a flow of the 
oxiaizing fluid such that a rate of oxidation in the formation is controlled.. 



2968. 



■^ystem^fdami2964, wherein the second conduit is further configured to be 



cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 
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2969. Thesysiem of claim 2964, wherein the second 
remove an oxidation product. 



configured to 



2970. The system of claim 2964, wherein the second conduit is further configured tc 
remove an oxidation product such that the oxidation product transfers heat to the y 
oxidizing fluid. 



10 



2971 . The system o£<5laim 2964, wherein the second conduit is fpraier configured to 
remove an oxidatkm product, aiid wherein a flow rate of the osudizing fluid in the conduit 
is approximately equal to/a ilowTate of thp^xidation product in the second conduit. 
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2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a^pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidatioiv|<roduct in the second conduit are controlled to 
reduce contamination of the oxidatiem product by the oxidizing fluid. 

2973. The system of claim / 2f964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2974. The system of claim 2964, wherein the oxidizing fluid is substantially inhibited 
from flowing'into portions of the formation beyond the reaction zone. 



2975. yfhe system of claim 2964, further comprising a center conduit disposed within 
25 the second conduit, wherein the center conduit is configured to provide the oxidizing 
fluid into the opening during use, and wherein the second conduit is further confy 
smove an oxidation product during use. 
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2976. The system ofcIai»r29§4, wherein the portion of the formation extends radially 
rom thejiperrfng a width of less than approximately 0.2 m. 
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2977. The system of claim 2964, further comprising an overburden casing coupled to 
the op ening, wh ei^»4he"tyVerburden casing is disposed In arT3Verbui4en of the 
formation. 



5 2978. The system of claim 2964, further comprising an overburden casing coupled jo 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2979. The system of claim 2964, further comprising an overburden^fasing coupled to 
10 the opening, wherein'the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further di^osed in cement. 
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2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a v p^cking material is disposed at a junction of the overburden 



15 casing and me opening. 



298 1 . The system of claim 296^further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed, at a junction of the overburden casing 
and the opening, ancLwherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



25 



2982. The/system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
ancr the opening, and wherein the packing material comprises cement. 



30 



2983. The system of claim 2964, wherein the system is furt her confh 
transferred heat can pyrolyzejyeast-sern^iij^roc^'bons in the pyrolysis zone. 

2984. A system configurable to heat a coal formation, comprising: 
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a conductor configurable to be disposed in a first conduit, wherein the first 
concjmtjsj^ and wherein the 

conductor is further configurable to provide heat to at least a portion of tlie s ic^mation 
during use; 

a second conduit configurable to be disposed in the opening, wherein ^he second 
conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the/system is 
configurable to^attSW^e oxidizing fluid to oxidize at least somejaydrocarbons at the 
reaction zprie during v$e ^uch that heat is generated at the region zone; and 

/herein the/syitem is further configurable to aUefw heat to transfer substantially 
by conduction fro/h theVeaction zone to a pyrolysis^one of the formation during use. 

2985V The^stem of claim 2984, wherein/the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the^efxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2986. The system of claiin 2984, wherein the second conduit comprises orifices, and 
wherein the orifices arexonfigurable to provide the oxidizing fluid into the opening. 

2987. The systefn of claim 2984, wherein the second conduit comprises critical flow 
orifices, and vraerein the critical flow orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 

2988. / The system of claim 2984, wherein the second conduit is further configurable to 
be cooled with the oxidizing fluid to reduce heating of the second conduit-by-oxiaation. 



2989\The system of clahiL2984r^ierein the second conduit is further configurable to 
remove an oxidation product. 
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2990. The systeniji£liJa«rr29S^wherein the second conduit is furaiSreonfigurable to 
3novean oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. 



2991 . The system of claim 2984, wherein the second conduit is furtWconfigurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation producfin the second conduit. 



The system of claim 2984, wherein the secpfid conduit is further configurable to 
10 rem<yVe an oxiflatiofc product, and wherein a pressure of the oxidizing fluid in the second 
luit and k pressure of the oxidation pj^auct in the second conduit are controlled to 
Juce cor>famination\of the oxidatioH'product by the oxidizing fluid. 



29^3^ The system of claim 2984, wherein the second conduit is further configurable to 
15 remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



20 
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2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2995. /The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during use. 

2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 




29^L The system of claim 2984^iiiherx(5m^ising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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2998. The sysle*»-efTrtaim"2^4 5 further comprising an overbttrdeiicasing coupled to 
the opening, wherein the overburden casing is disposed in an overburdeit^f the 
formation, and wherein the overburden casing comprises steel. 



2999. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed nafcement. 

10 3000. The system-Qf claim 2984, further comprising an overburden casing coupled to 
the opening, Wnerein ^packing material is disposed ^junction of the overburden 
casing and/xhe opening. 
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3001 . The syslfem oXclaim 2984, furthep^comprising an overburden casing coupled to 
15 the ope ling, wherein the^o^erburden/Jasing is disposed in an overburden of the 

foimatiQn^y&erein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein/fhe packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

20 3002. The system'of claim 2984, further comprising an overburden casing coupled to 
the opening, wKerein the overburden casing is disposed in an overburden of the 
formation, Where in a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



25 30QG. The system of claim 2984, wherein the system is further configurable such that 
ransferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



30 



3004. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficies^ 
^hydrocarbons within the portionjiflihe-^ with an oxidizing fluid, wherein 



heating comprises applying an electrical current to a conductor disposed in a first conduit 
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V 



to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; 

providing the o^odiznrgTluid to a reaction zone in the formation; 



itb 



mg the oxidizing fluid to react with at least a portion of the hydrocarbonsyat 
the reaction zone to generate heat at the reaction zone; and 

transferring^he generated heat substantially by conduction from the reaptfon zone 
to a pyrolysis zone in the formation. 



3005. The jtnethod of claiiyf 3 OO^foftiler comprising transporting the oxidizing fluid 
10 through the Veaction zon^by diffusion. 
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3006. The method of claim 3004, further composing directing at least a portion of the 
oxidizing fluid into the opening through orifices of a second conduit disposed in the 
opening. 

3007. The method of claim 300^, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is contrertled. 

3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate ofroxidation is substantially constant over time within the reaction zone. 



3009. /he method of claim 3004, wherein a second conduit is disposed in the opening, 
25 the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 



30\0. The method of claim 3004, wherein a second conduitisdisj 
opemf*g«the method further comj^^ oxidation product from the 

30 formation through the second conduit. 
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3011. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 

formation thrniigh-ri^CTrmH ronHniT anrl Tran^fpTringrhr>a^^rn jjipmnHfltirm product in 

the conduit to the oxidizing fluid in the second conduit. 

3012. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the secoj>d^conHuit>wherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal to\a flow rate of the oxidation product in the / 
second conduit. / \ X 

3013. The method of claim 3004, wherein V second conduit is disposed wnhin the 
opening, the method furtherycomprisingsremoving an oxidation prodaa from the 
formation through Tfacsedond conduit and controiKttg-aT^ the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. / 

3014. The method of claim 3004, whereip/a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and / substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 

3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid frdm flowing into portions of the formation beyond the reaction zone. 

3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit; and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduiL— 
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3017. The method of claim 3004, wherein the portion of the formation extends radially 
s Jrnm the op £uvmg-?r^ approximately 0.2 m. ~"~ 

3018. The method of claim 3004, further comprising removing water from the formation 
5 prior to heating the portion. 

3019. The method of claim 3004, further comprising controlling the temperatjrfe of the 
formation to substaptrSlIyTnhibit production of oxides of nitrogen durine^exidation. 



10 3020. The, 
the open: 
format 



lethod of claim 3004, further comprising coupling'an overburden casing to 
g, whereifft^e overburden casing is disposed yran overburden of the 



3021 . The method of claim 3004, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overbua'den casing comprises steel. 
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3022. The method of clainl 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 
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3023. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3024. A system configured to heat a coal formation, comprising: 

an insulated conductor disposed in an opening in the formation, wherg 
insulated conductor is configured to provide heat to aUgast^T5ortion of the formation 
during use; 

an oxidizing fluid source; 
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a conduit disposed in the npenin^jvherejri the conduit jg rnnfunirerl to provide an 
oxidizing Jluid-6eitrlM^xidizing fluid source to a reaction zone in the foimati^during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbon^ at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantialh/Dy 
conduction fr/Jm the reaction zone to a pyro lysis zone of the formation during use. 



3025. Thi 
heat in the 
zone subs 




im 3024, wherein the oxidizing fluid teronfigured to generate 
oxidizing fluid is transported through the reaction 



3026. The s>tet@fn of claim 3024, wherein th^xonduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



3027. The system of claim 3024/wherein the conduit comprises critical flow orifices, 
and wherein the critical flow onfices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3028. The system of claim 3024, wherein the conduit is configured to be cooled with the 
oxidizing fluid suem that the conduit is not substantially heated by oxidation. 

3029. The System of claim 3024, wherein the conduit is further configured to remove an 
oxidation/product. 



3030/ The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 



3103 1. The system of claim 3024, wherein the conduitjsju^ to remove an 

oxidation product, and whereirraJlD»H , a1^r^ oxidizing fluid in the conduit is 
approxiitiately-eqttahS^ rate of the oxidation product in the conduit. 
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3032. The system_o£idaim- 302'1, wh e rein the cond uiti^irthe^onfigured to remove an 
oxid^tigo-product, and wherein a pressure of the oxidizing fluid in the secondrenduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
of the oxidation product by the oxidizing fluid. 
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3033. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibit from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claip1 / 3024, ^herein the oxidizing fluid i^ substantially inhibited 
from flowing into portkms of the formation beyond the reaction zone. 

3035. The system/of daim ^024, furthe^ comprising^ center conduit disposed within 
the conduit, whereiivflie center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the condi^x is further configured to remove an 
oxidation product during use. 



3036. The system of claim 3024, wherein the portion of the formation extends radially 
20 from the opening a width of less tifan approximately 0.2 m. 

3037. The system of claipf 3024, further comprising an overburden casing coupled to 
the opening, wherein tfre overburden casing is disposed in an overburden of the 
formation. 



25 



3038. TJae system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
irmation, and wherein the overburds 



-cnffipnses steel. 
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303% ^ The system of claim 302 4. further comprising an nv^rhnrHpn^ra^^ to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3040. The system of claim 3024, further comprising an overburden casing coupLeu to 
the opening, wherein a packing material is disposed at a junction of the ovepbdrden 
casing and the openim 
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3041 . The syste^i of c^aim 302^, further comprising an overburden casing coupled to 
10 the opening, wherein ^he ^verburd^n casing is dispos§£Kn an overburden of the 

formation, wherein a/packfogj#£terial is disposed^ a junction of the overburden casing 
and the openingj^aad wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and th^overburden casing during use. 

15 3042. The system of claim 3024; further comprising an overburden casing coupled to 
the opening, wherein the ovej?ourden casing is disposed in an overburden of the 
formation, wherein a packmg material is disposed at a junction of the overburden casing 
and the opening, and Wnerein the packing material comprises cement. 

20 3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3044./A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an opening in the formation, 
25 w&erein the insulated conductor is further configurable to provide heat to at least a 
Dortion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit, 
further configurable to provide an oxidizing fluid from^n^xid^ source to a 

paction zone in the formationdurijig^^ the system is configurable to 

30 allowlH^uxTdizingTIuidto oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 
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wherein the system is further configurable to allow heat to 1ranSfei>substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during ase. 



3045. The system of claim 3044, wherein the oxidizing fluid is configurable ^generate 
heat in the reaction zone such that the oxidizing fluid is transported through^the reaction 
zone substantially by diffusion. 
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3046. The system 01 :laim 3044, wherein the conduit cpifiprises orifices, and wherein 
the orifices are configurable^to^provide the oxidizinglMd into the opening. 

3047. The /ystem of cladfn 3044, wh^ei^fhe conduit comprises critical flow orifices, 
and whereii the critical floVerifi€es ^afe configurable to control a flow of the oxidizing 
fluid such tlW a rat£ of oxidatioryili the formation is controlled. 

3048. The system of claifn 3044, wherein the conduit is further configurable to be 
cooled with the oxidj^ing fluid such that the conduit is not substantially heated by 
oxidation. 



. 3049. Th^ system of claim 3044, wherein the conduit is further configurable to remove 
20 an oxidation product. 



15 



3050. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

305 1. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3052. The system of claim 3044^he^«^h5^onduit is further configurable to remove 
30v^an oxidation produetran9wherein a pressure of the oxidizing fluid in the conduit and a 
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pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the o^idati^^^ fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3054. The system of claim 3044^vherein the oxidizing fluid is substamially inhibited 



from flowing into portipm of the form; 



tion beyond the reactioH'zone. 



3055. The systerA of claim 3044{fu^thW comgjisjtf§"a center conduit disposed within 
the conduit, where\n center cpnduit is configurable to provide the oxidizing fluid into the 
opening during use, andwherein the cojptduit is further configurable to remove an 
oxidation product during use. 



3056. The system of clajm 3044, wherein the portion of the formation extends radially 
from the opening a wjdth of less than approximately 0.2 m. 

3057. The swem of claim 3044, further comprising an overburden casing coupled to 
the opening wherein the overburden casing is disposed in an overburden of the 
formation. 



j58. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburde n casing is_d isnosed in-an-everbuiden oPtfag" 



formation, and wherein the overburden casing is further disposed in cement. 
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3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing 
casing and theopening. 



ftsposed at a junction ortftroverbutden 



3061 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casm§ 
and the opening, and wheremJhe-packing material is configurable to substantiall^inhibit 
a flow of fluid betweentfie opening ahd the overburden casing during use. 



3062. The systen/of claim 3044j| fudher comprising an^overburdep^asing coupled to 
the opening, wherein the overburc en casing is disposed in an o;/erburden of the 
formation, wherein a packing material ijrcJisfJosed at a junpdon of the overburden casing 
and wherein the packing material coniprises cement. 



and the opening, 



3063. The system of claim 3044, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3064. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprise^'applying an electrical current to an insulated conductor to provide heat 
to the portion/and wherein the insulated conductor is disposed within the opening; 
prdviding the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
th^ reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



i^5. The methodJ3£^arrTr3^ comprising transporting the oxidizing fluid 

through the reaction zone by diffusion. 
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3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid intotl 




ough orifices of a conduit disposec 



sening. 



3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

3068. The method^of claim 3064,1 further comprising increasing a flow of tlje'oxidizing 
fluid in the openmg to acwrpmodat^n increase in a volume of the r^ac5non zone such 
that a rate of cjxidatioryis substantially constant over time withjjrfhe reaction zone. 

3069. The fttetfiod of claim 3064, wherein a condprf is disposed in the opening, the 
method further comprising cooling the conduitwith the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3070. The method of claim 3J&64, wherein a conduit is disposed within the opening, the 
method further comprisingremoving an oxidation product from the formation through 
the conduit. 

3071. The mgfhod of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
memod further comprising removing an oxidation product from the formation through 
the condjiit, wherein a flow rate of the oxidizingJlukL 
equal to a flow rate ot the oxidation product in the conduit. 



is approximately 
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3073. The ni£theth5fclato 3064, wherein a conduit is disposed within the opfening, the 
Tethod further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product byrne oxidizing 
fluid. 



3074. The method of claim 3064, wherein a conduit is dispp^ed within the opening, the 
methoiHurther comprising removing an oxidation produer from the formation through 
the/onduit arf# substantially inhibiting the oxidatioja / product from flowing into portions 
10 of the formation beyond the reaction zone. 



3075. The method of<laim 3064, further comprising substantially inhibiting the 
xidizing fluid from flowing into porcions of the formation beyond the reaction zone. 



p 



15 3076. The method of claim/3064, wherein a center conduit is disposed within an outer 
conduit, and wherein the/outer conduit is disposed within the opening, the method further 
comprising providing/me oxidizing fluid into the opening through the center conduit and 
removing an oxidauon product through the outer conduit. 

20 3077. The method of claim 3064, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

307&/ The method of claim 3064, further comprising removing water from the formation 
pripr to heating the portion. 
25 / 

'3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3080. The method of claim 3064, furthgju^mpri^ingcoupling an overburden casing to 
30\ the opening, whereijiihe^Vefburden casing is disposed in an overburden of the 
TorT 
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3081. The method of claim 3064, further comprising coupling an overb urden casing to 
the opening, wherein the overbijrd©frt^s^ in an overburden of the 
fo rmation^^ nd^rgfein the overburden casing comprises steel. 

3082. The method of claim 3064, further comprising coupling an overburden casing^o 
the opening, wherein the overburdery^sffigTs^iisposed in an overburden of the 
formation, and wherein the overtmrden casing is mrther disposed in cement. 

3083. The method of claim 3064,^rther\ompri^mg coupling an oy^rburden casing to 
the opening, wherein Ypacking/ftaterial is disposed at a junctiop^of the overburden 
casing and the opening; 

3084. The method of claim 3064, wherein the pyr^fysis zone is substantially adjacent to 
the reaction zone. 

3085. An in situ method for heating a/coal formation, comprising: 
heating a portion of the foramtion to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
portion, wherein th^msulated conductor is coupled to a conduit, wherein the conduit 
comprises criticaHlow orifices, and wherein the conduit is disposed within the opening; 
providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

ransferring the generated heat substantially by conduction from the reactior 
to a pfyrolysis zone in the formation. 



3086. The method of claim 3085, furtljef^omprising transporting the oxidizing fluid 
through the reaction zone by^fcftusion. 
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)87. The method of claim 308^. f i irth e r compr ising contro Uing^flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 

3088. The method of claim 3085, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction jzlone such 
that a rate of oxidation is substantially constant over time within the reaptfon zone. 

3089. The method gi claim 3085, fuhher copffnsing cooling^ie conduit with the 
oxidizing fluid to Reduce heating of th^ednduit by oxidajkm. 

3090. The met/hod of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit. 

3091 . The method of claim 3085/further comprising removing an oxidation product 
from the formation through thp4onduit and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 

3092. The methocLof claim 3085, further comprising removing an oxidation product 
from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

3093. Zne method of claim 3085, further comprising removing an oxidation product 
from/the formation through the conduit and controlling a pressure between the oxidizing 
fhjid and the oxidation product in the conduit to reduce contamination of the oxidation 

roduct by the oxidizing fluid. 



3094. The method of claim 3085, further comprising remeying^Toxidation product 
from the formation through the conduit and^ttbSf^itially inhibiting the oxidation product 
from flowing into portions ofjke-dformation beyond the reaction zone. 
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3095. The melhod-rffcTaim 3085, further comprising substantially Inhibiting the 
cicfizing fluid from flowing into portions of the formation beyond the reaction zone. 

3096. The method of claim 3085, wherein a center conduit is disputed within the 
conduit, the method further comprising providing the oxidizing/fluid into the opening 
through the center conduit and removing an oxidation prod*fct through the conduit. 



3097. The 
from the opj 




wherein the portion of the formation extends radially 
than approximately 0.2 m. 



10 

3098. Thfe metho^ of claim 3085, furtlj^r comprising removing water from the formation 
prior to he 

3099. The method of claim 2085, further comprising controlling the temperature of the 
15 formation to substantially ufliibit production of oxides of nitrogen during oxidation. 



3 1 00. The method or claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3101. Thp method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

25 3 lr02. The method of claim 3085, further comprising coupling an overburden casing to 
le opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3 1 03. The method of claim 3O85^fiirtherx0mpFising coupling an overburden casing to 
the opening, whei^in-ar^acking material is disposed at a junction of the overburden 
id the opening. 
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the reaction zone. 



xIaTm 3085 5 wherein the pyrolysis zone is substantially adjacent to 



3 105. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed in an opening in/die formation, wherein at 
least the one elongated member is configured to provide he^Ho at least a portion of the 
formation during use; 

an oxidizing fluid source; 

a condujfdfcposed in the opening, wherein the conduit is configured to provide an 
oxidizing flufd from the Widizing fluid soiuxfe to a reaction zone in the formation during 
use, and wherein the Axidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone duijins use such thqnieat is generated at the reaction zone; and 

wljerein the/system Is configured to allow heat to transfer substantially by 
conduction\from ttte reaction zefae to a pyrolysis zone of the formation during use. 



3106. The system of claim 3 105, wherein the oxidizing fluid is configured to generate 
heat in the reaction zcme such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3107. The system of claim 3105, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3108. Jhe system of claim 3 105, wherein the conduit comprises critical flow orifices, 
and wlierein the critical flow orifices are configured to control a flow of the oxidizing 
fluig such that a rate of oxidation in the formation is controlled. 



31(09. The system ofclaU*r3TT)5, wherein the conduit is further configured to be cooled 
witlTthe-exidizmg fluid such that the conduit is not substantially heated by oxidation. 
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3110. JEhe-svSfemof claim 3105, wherein the conduit is further configurec 
oxidation product. 



love an 



3111. The system of claim 3 105, wherein the conduit is further configured to remp^ an 
5 oxidation product such that the oxidation product transfers heat to the oxidizing^luid. 

3112. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing flirisKn the conduit is 
approximately equal ro a flow rate of the oxidation producj/m the conduit. 
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3113./ The system of cpjm 3 105, wherein the conduit is further configured to remove an 
oxid^ion product, and wherein a pressure oftjaeoxidizing fluid in the conduit and a 
press ire of the oxmation product injjae^orfauit are controlled to reduce contamination of 
the oxidation product by the oxidizing^luid. 



3114. The system of claim 3 1 05, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of me formation beyond the reaction zone. 

20 3115. The sy stem^f claim 3105, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3116. Th^ system of claim 3105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

! 1 1 7. The system of claim 3 lOS^^dierenrtie'portion of the formation extends radially 
fr^HUhej^psmng^ than approximately 0.2 m. 



30 
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3118. The system of claim 3105, further com]jriging- an overburden casinc c o upled to 
the opening, whereirUJi©-evefEui^ casing is disposed in an overburden of the 
formation. 

3119. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whereir^tlie overbidden casing comprises steel. 



-.ft- 
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3 1 20. The system of claim 3 1 051 furtner comprising an overburderv<5asing coupled to 



10 the opening, wh 



*ein the overburden casing is disposed in an overburden of the 



formation, and wherein the overburden casijigis further disposed in cement. 

3121. The system of claim/ 3105, further comprising an overburden casing coupled to 
the opening, whereinaparcking material is deposed at a junction of the overburden 
casing and the opening. 



u 
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3 122. The system of claim 3 1 Q£, further comprising an overburden casing coupled to 
the opening, wherein the oWburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and/wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



25 



3 123. The/system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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3 124. The system of claim 3 105, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons ir 




ysiszone. 



3 125. A system configurable to heat a coal formation, comprising: 
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— at lcas t uue elongat ed member conliguf abtc-te-bc4iggosed in an opening in the 
formation, wherein at least the one elongated member is further conJiguqible to provide 
heat to at least a portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduft is 
further configurable tbsprovide an oxidizing fluid from the oxidizing fluid source to a 
reaction done in the formation during use, and wherein the system is configurable to 
allow Jne oxidizing fluid to oxidize at least some hydrocarbons at the react^n zone 
duriiT/k use such heat is generated at the reaction zone; and 

where>h the system is further configurable to allow heat to transfer substantially 
by cbnducti6n from thkreaction zone to a pyrolysis zone of the/formation during use. 



I- 
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3 126. The system of claim 3 125, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing £<md is transported through the reaction 
zone substantially by diffusion. 

3 127. The system of claim 3 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to Wo vide the oxidizing fluid into the opening. 



e ! ; 
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3 128. The system of ctaim 3 125, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that aerate of oxidation in the formation is controlled. 



25 



3 129. The system of claim 3 125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



• 130. The system of claim 3 125, wherein the conduit is further configurable to remove 
oxidation product. 



30 3131 /T he sy stc nr^tclmmi 1 25, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 
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3132 . The sx sl£m^-d^nirTT25 ? wherein the conduit is further configurablettr^nove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3133. The system ofpl^un 3 12^wherein the conduit is further configurable \rf remove , 
an oxidation produeJt, and wherein a pressure of the oxidizing fluid in the cxmduit and a 
pressure of the oxidation product in the conduit are controlled to rediyze contamination of 
the oxidation product by/theVxidizing fluids 

3134. The system ofrelaim 3125, wherein the conduitj^further configurable to remove 
an oxidation Wodupt, and wherein the oxidation ppefauct is substantially inhibited from 
flowing into portions of the formation beyond/me reaction zone. 

3135. The system of claim 3 125, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of th^iormation beyond the reaction zone. 

3136. The system of clmm 3125, further comprising a center conduit disposed within 
the conduit, wherein^eenter conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation projewct during use. 

3137. The system of claim 3 125, wherein the portion of the formation extends radially 
from tMe opening a width of less than approximately 0.2 m. 

3 1 j8. The system of claim 3125, further comprising an overburden casing coupled tq_ 
the opening, wherein the overburden casing is disposed in^aix^wertfCfden^ the 
formation. 
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Jljy. The system of claim 3125, further comprising an overburden casingcoUpk^to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3140. The system of claim 3125, further comprising an overburden casing coupled tc 
the opening, whereip"flie overburden casing is disposed in an overburden of the 
formation, and Wnerein the overburden casing is further disposed in cement. 

3141. Tha system of olain* 3125, further comprising an overburden/basing coupled to 
10 the opening, whereiiya packin^naleiid^s disposed at a junctiprfof the overburden 

casing anp the opening. 



-E 



3 142. The system of claim 3 125, further compj^ing an overburden casing coupled to 
the opening, wherein the overburden casing^ disposed in an overburden of the 
formation, wherein a packing materials disposed at a junction of the overburden casing 
and the opening, and wherein th^packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



Iti 



3143. The system^of claim 3 125, further comprising an overburden casing coupled to 
the opening, wllerein the overburden casing is disposed in an overburden of the 
formation/wherein a packing material is disposed at a junction of the overburden casing 
and th^opening, and wherein the packing material comprises cement. 



144. The system of claim 3 125, wherein the system is further configurable such that 
25 / transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 
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3 145. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
hydrocarbons within the pi 



rion with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
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provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; 

7i3mgthe oxidizing fluid to a reaction zone in the formationf 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from thereactj6n zone 
to a pyrolysis zone in the formation. 

3 146. The method of-ctakn 3 145, further comprising transporting th^&xidizing fluid 
10 through the reaction zone byViiffusion. 



y 
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3 147. The melthod of/clainrS^^j^J^ comprising dieting at least a portion of the 
oxidizing fluid into the opening through orifices of axfonduit disposed in the opening. 

15 3 148. The method off claim 3 145, further comprising controlling a flow of the oxidizing 
fluid with critic^flo^ orifices of a condjilt disposed in the opening such that a rate of 
oxidation is controlled. 

3 149. The method of claim 3 J45, further comprising increasing a flow of the oxidizing 
20 fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is'substantially constant over time within the reaction zone. 



25 



3 1 50. The methocyof claim 3 145, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit/by oxidation. 



30 




3151. Tlje method of claim 3 145, wherein a conduit is^lispSsed within the opening, the 
method further comprising removing an oxjdati6n product from the formation through 
the condift 
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3 152. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising remoying^rua xidation product from -&eUjonnation through 
the conduitand^ffansfeiring heat from the oxidation product in the conduit tb^he 
oxidizing fluid in the conduit. 



10 
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3 153. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit i§^pproximately 
equal to a flow rate o£ffie oxidatibq product in the conduit. 

3 154. The mejnod of claiqafSsl45, wherein a corfduit is disposed within the opening, the 
method furthet comprising remo\%^$-aft-<5xidation product from the formation through 
the conduit and controll/ng a pressure between the oxidizing fluid and the oxidation 
product in tpe conduij/to reduce contamination of the oxidation product by the oxidizing 
fluid. 



□ 
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3155. The method of claim 3 145<wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantial]/ inhibiting the oxidation product from flowing into portions 
of the formation beyond/fhe reaction zone. 



3 156. The method'of claim 3 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



25 3 1 57. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, anp wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center < 
removing an oxidation product through the outer conduit. 



30 3158. 




he method of claim 3 145, wherein theperaon of the formation extends radially 



from theVopening a width of less than^apf5roximate!y 0.2 m. 
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3 1 59. The method of claim 3145, further comprising removing water from the formation 
priGiLtoJiealin^ "~ " ^\ 



3 1 60. The method of claim 3 1 45, further comprising controlling the temperature oflthe 
formation to substantially inhibit production of oxides of nitrogen during oxidatLem. 

3161. The method of claim 3145, further comprising coupling an overferurden casing to 
the opening, where^me overburden casing is disposed in an overjrtirden of the 
formation. 



3 162. The method of c/laim 3 145, further comprisipg coupling an overburden casing to 
the opening, wherein trie overburden casing is disposed in an overburden of the 
formation, ana wherein the overburden casiffg comprises steel. 



3 163. The method of claim 3 145, /further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the/werburden casing is further disposed in cement. 

3 164. The method 01 claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the/opening. 

3 165. The method of claim 3 145, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3 1^6. A system configured to heat a coal formation, comprising: 

a heat exchanger disposed external to the formation, wherein the heat exchanger 
isf configured to heat an oxidizing fluid during use; 

a conduit disposed in the opening, wherein the conduit is configur ed to provide 
thk heated oxidizing fluid from the heat excbangerTolitleast a portion of the formation 
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during use, wherein the system iscoiifiguFed^tcrEilow heat to transfer-ftam the heated 
oxidizing fluidJo^HeSsTthe portion of the formation during use, and whereihdhe 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zqne in the 
formation during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantial!^ by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



□ 
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3 1 67. The system of clainp3M 66, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone swell th^Hl^ ^xidizi ngJluid is transrxmed through the reaction 
zone substantially by diffusion. 



3168. Thfe 
the orifice 



system of claim 3166, wherein the conduit comprises orifices, and wherein 
are configured to provide the oxididng fluid into the opening. 



III 



15 3 169. The system of claim 3 166, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifice^are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation/in the formation is controlled. 

3 1 70. The system of claimo 1 66, wherein the conduit is further configured to be cooled 
20 with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



3171. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product. 



25 3172. ThesysteiA 
oxidation product 



30 



of claim 3166, wherein the conduit is further configured to remove an 
such that the oxidation product transfers heat to the oxidizing fluid. 



3 173. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation productAand wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit^ 
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3 174. The system of claim 3 ^^whcfSmrne conduit is further configured!^ remove an 
oxidation produ^antTwherein a pressure of the oxidizing fluid in the conduit and a 
pressjji^ffthe oxidation product in the conduit are controlled to reduce contam/nation of 
the oxidation product by the oxidizing fluid. 

3 175. The system of claim 3 166, wherein the conduit is further configua^d to remove an 
oxidation product^id^wfi&i^in the oxidation product is substantiallj^nhibited from 
flowing into poftions of the formation beyond the reaction zone. 



10 



15 



3176. 



system of/laim 3U 



lerein the oxidizing^fluid is substantially inhibited 



from flowing into portions of the formation beyoncLthe reaction zone. 

3177. Tne system of claim 3166, further comprising a center conduit disposed within 
the condun^nerein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and whereii^uie conduit is further configured to remove an 
oxidation product during use. 



m 



20 



3 178. The system of claim 3 166, wherein the portion of the formation extends radially 
from the opening a widfh of less than approximately 0.2 m. 

3 1 79. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 31 80. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation! and wherein the overburden casing comprises steel. 



3181. The system of claim 3 1 66, further comprisiijg^frSverburden casing coupled to 
30 the opening, whereintfte^«bu*deirc^^ disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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.1182. Thgj ^ 




claim 3 166, further comprising an overburden casing coupled to 



the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



10 



3 183. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein theoverbwden casing is disposed in an overburden of#ie 
formation, wherein ^packing material is disposed at a junction of the oymmrden casing 
and the openings/and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opemn^ndlthe overburden casing during use. 



□ 
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3 1 84. The system of claim 3 1 66, further comprising ^overburden casing coupled to 
the opening, whereiiyme overburden casing is dispp^ed in an overburden of the 
fonnatiori wherejn a packing material is disposal at a junction of the overburden casing 

1 5 and the opening, and wherein the packing rrfaterial comprises cement. 

3 1 85. A system configurable to h^at a coal formation, comprising: 

a heat exchanger confiscable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 
20 a conduit configurable to be disposed in the opening, wherein the conduit is 

further configurable*© provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of^ne formation during use, wherein the system is configurable to allow 
heat to transfei/from the heated oxidizing fluid to at least the portion of the formation 
during use, jmd wherein the system is further configurable to allow the oxidizing fluid to 
25 oxidize al/least some hydrocarbons at a reaction zone in the formation during use such 
that he^t is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by Conduction from the reaction zone to a pyrolysis zqne^fihe-fefmaliuil duiing use. 
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gystemof claim 3185, wherein the oxidizing fluid is configilrSbte^Dgenerate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

5 3187. The system of claim 3 1 85, wherein the conduit comprises orifices, and wher^rn 
the orifices are configurable tefprovide thespxidizing fluid into the opening. 

3188. The system of claim 3185, wfterdin the conduit comprises cpkfcal flow orifices, 
and wherein the critioal flow orifices are configurable to contjtff a flow of the oxidizing 
10 fluid such that a ratef of oxidation in the formation is controlled. 



15 



3 1 89. The system of cteim 3185, wherein thjexonduit is further configurable to be 
cooled with the oxidizing fluid such thap*ne conduit is not substantially heated by 
oxidation. 

3 190. The system of claijtfj 1 85, wherein the conduit is further configurable to remove 
an oxidation product. 



fi I 



3191. The sysfem of claim 3185, wherein the conduit is further configurable to remove 
20 an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



3 192: The system of claim 3 185, wherein the conduit is further configurable to remove 

oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
f approximately equal to a flow rate of the oxidation product in the conduit. 

\\ 93 . The system of claim 3185, wherein the conduit is further configurable to remove 
an oXKl^tion product, andj\jier£ij^^ fluid inthe concluit and a 

pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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3 194,^Fhe-sy§!enrofclaim 3 1 85, wherein the conduit is fiMherconftstiFahle to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited^ om 
flowing into portions of the formation beyond the reaction zone. 

5 3 195. The system of claim 3 1 85, wherein the oxidizing fluid is subst^nffally inhibited 
from flowing intq^ptffffyns of the formation beyond the reaction ^etie. 



E-H-J! 
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3 1 96. Th/system oK claim 3185, further comprising a^enter conduit disposed within 
the conduit, where/n center conduit is configuraWjg^to provide the oxidizing fluid into the 

10 opening during y^e, and ^^1le^5^theJe^nd^nduit is further configurable to remove an 
oxidation product during use. 

3 197. \TWsystem of claim 3 18^; wherein the portion of the formation extends radially 
from the opening a width opless than approximately 0.2 m. 

15 

3 1 98. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

20 3 199. /he system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
forcnation, and wherein the overburden casing comprises steel. 



30 



3200. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3201 . Th£^¥St£mofclaim 3185, further comprising an overburden casing coupled to 
le opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3202. The System of Claim 3 1 85, tWthgr rwnpriginp an nvprhnrHpnrflginp coupled to 

ogening^he^^ casing is disposed in an overburdenoi 

formation, wherein a packing material is disposed at a junction of the overburden basing 
and the opening, and wherein the packing material is configurable to substantially iijhibit 
a flow of fluid between the opening and the overburden casing during use. 



3203. The systetn of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden/of the 



formation, w! 
and the open 



ferein a packing material is di^pdsed at a junction of tlje'overburden casing 
ng, and wherein the papkifig material comprises cement. 



NDC (HEAT EXCHANGER PREHEATING METH0D) 

3204. An in Mju njerhod for heating a coal formation, comprising: 

heating a portion of the formation to ^temperature sufficient to support reaction 
of hydrocarbons within the portion of theJ#rmation with an oxidizing fluid, wherein 
heating comprises: 

heating the oxidizing fluicb^ith a heat exchanger, wherein the heat exchanger is 
disposed external to the formation; 

providing the heate^oxidizing fluid from the heat exchanger to the portion of the 
formation; and 

allowing heaj/fo transfer from the heated oxidizing fluid to the portion of the 
formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reactiorr zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrowsis zone in the formation. 



3205. The m&hod of claim 3204 1 fiulhg 
through the reaction zone by diffusion. 



STTTglransporting the oxidizing fluid 
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3206. The method of claim 32Q^-&fthercuinpiisiiig UheCLing aHeasLajx>rtion of the 
o^ idi/iug "ffiIiHlnto the opening through orifices of a conduit disposed in the opertk 

3207. The method of claim 3204, further comprising controlling a flow of the oxidising 
fluid with critical flow orifices of a conduit disposed in the opening such that a ratp^of 
oxidation is control! 



10 



3208. The itfethod of claim 3204, further comprising increasing a floxtf of the oxidizing 
fluid in the Opening tcyWcommodate an increase/in a volume ofthe reaction zone such 
that a rate of oxidation is substantially constant over time \\omin the reaction zone. 



lu 



15 



20 



3209. Tjie method/ of claim>32QA<^herein a condjjft is disposed in the opening, the 
method fiirther comprising cooling the conduijxwith the oxidizing fluid to reduce heating 
of the conduit bwoxidation. 

3210. The method of claim 3204/wherein a conduit is disposed within the opening, the 
method further comprising repsfoving an oxidation product from the formation through 
the conduit. 

321 1 . The method^f claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit ax^a transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



25 32 12. /The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



30 32 \3. The method of claim 3204, wherein a cqiiduiHs"3isposed within the opening, the 
meth^dsftirther comprising renicu^ng'an oxidation product from the formation through 



Conley, Rose & Tayon, P.C. 



the conduit and controlling a p ressure between the oxid izing fluid and the oxidation 

IcFIn the conduit to reduce contamination of the oxidationprotfttet^y the oxidizing 
fluid. 

3214. The method of claim 3204, wherein a conduit is disposed withirrfhe opening, the 
method further comprisingremoving an oxidation product from the formation through 



the conduit and substantially 



of the formation beyond the reaction zone 



Inhibiting the oxidation produptTrom flowing into portior 



3215. The method 
oxidizing fluid front 



of claim p2Q<k further^dmprising substantially injjituting the 
flowing into portions of the formation beyondihe reaction zone. 



3216. The method oXcla^n 3204, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is dispose^within the opening, the method further 
comprising providing the oxidizing fluid into4ne opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3217. The method of claim 3204, wherein the portion of the formation extends radially 
from the opening a width ofjiess than approximately 0.2 m. 

3218. The method ofclaim 3204, further comprising removing water from the formation 
prior to heating the portion. 

3219. The /method of claim 3204, further comprising controlling the temperature of the 
formation! to substantially inhibit production of oxides of nitrogen during oxidation. 



322J3. The method of claim 3204, further comprising couphngjiiiJweF^^ to 
thelopening, wherein the overburden^casiftg^i^isposed in an overburden of the 
formatit 



675 



Conley, Rose & Tayon, P.C. 



322 1 . The mslhed-tjfclaim 3204, further comprising coupling an overbtHxten casing to 
le~opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 3222. The method o£etenrK3204 5 further comprising coupling an overburden casing to 
the opening, wherdn the overburden casing is disposed in an overburden of they 
formation, and wherein the o verb Wen casing is further disposed in cement 



!» 
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3223. The 
10 the opening 



15 



20 



25 



ethod of claim^204, further comprising coupling an^5verburden casing to 
wherein a packing s uiaterial is^isptJsed at a junction of the overburden 



30 



casing and tne openin 

3224. The method of claim 3204, wherein thp^yrolysis zone is substantially adjacent to 
the reaction zone. 

3225. An in situ method for heating a coal formation, comprising: 
heating a portion ofjhe formation to a temperature sufficient to support reaction 

of hydrocarbons within )he portion of the formation with an oxidizing fluid, wherein 
heating comprises: 

oxidizing/a fuel gas in a heater, wherein the heater is disposed external to the 
formation; / 

providing the oxidized fuel gas from the heater to the portion of the formation; 

and 

allowing heat to transfer from the oxidized fuel gas to the portion of the 
lation; 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of theiiydrocafb ons at- 
the reaction zone to generate heat atJhej^aetiOTrZonef^^ 

transfei xi&e^he^generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone^ in the formation. 
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3226. The methc«3-ef?t2wir3225, further comprising transpt 
througHlhe reaction zone by diffusion. 



the oxidizing fluid 



3227. The method of claim 3225, further comprising directing at least a potion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in tne opening. 

3228. The method of claim 3225, further comprising controlling aflow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the oj^ning such that a rate of 
oxidation isjcontrolled. 




3229/ The methoa of claim 3225, further comprising increasing a flow of the oxidizing 



fluid in the opening ro accommodate an incr^e in a volume of the reaction zone such 
that a rate of oxidation issuBstantially constant over time within the reaction zone. 

3230. \The method of claim 3225/wherein a conduit is disposed in the opening, the 
method further comprising cqpfing the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidations 

323 1 . The method^of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
theyconduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3233. The method of claim 3225, wherein a conduit is disposed withi n the opening, the 
method further comprising removing an oxidarijni^prodlicrfro^ the formation through 
the conduit, wherein a flow mte-eftKeoxidizing fluid in the conduit is approximately 
equal to a flowjater^fthe oxidation product in the conduit. 
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3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the^cotnliriranH^ontrolling a pressure between the oxidizingiluid^and^he oxidation 
product in the conduit to reduce contamination of the oxidation product by tnfes^xidizing 
fluid. \ 

3235. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further compiling removing an oxidation product from the formation^hrough 
the conduit and substantially inhibiting the oxidation product from flowipg into portions 
of the formation beyond the reaction zone. 

3236. The/method of claim 32^5, furthepetfmprising substantially inhibiting the 
oxidizing fluid from/flowing into portions of the formation beyond the reaction zone. 

3237. The method of claim 3225, wherein a^enter conduit is disposed within an outer 
conduit, and wherein the outer conduit is/aisposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3238. The method of claim 3225, wherein the portion of the formation extends radially 
from the opening a w*ath of less than approximately 0.2 m. 

3239. The memod of claim 3225, further comprising removing water from the formation 
prior to heating the portion. 



3240. /The method of claim 3225, further comprising controlling the temperature^fthe. 
formatton to substantially inhibit production ofo^odes-efiiitrogen^ oxidation. 
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3241 . The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3243. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden ofthe 
formation, and whej^itfie overburden casing is further disposed in cgment. 



3244. The 



the opening/where 
casing and 





of claim 3225, further comprising coupJMg an overburden casing to 
is disposed at adjunction of the overburden 



le pyrolysis zone is substantially adjacent to 



3245. The method of claim 3225, wherei 
the reaction zone. 

3246. A system configured to heat^a coal formation, comprising: 

an insulated conductor disposed within an open wellbore in the formation, 
wherein the insulated conckrctor is configured to provide radiant heat to at least a portion 
of the formation duringXse; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



3247. The^system of claim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during vise. 



3248. Thfe^S YStemof Claim 3246. fiirtWcru x ^ i ging a v;i i |i|um in ^hf*^ whprpin thf> 

support member is configured to support the insulated conductor. 
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>49. The system of claim 3246, further comprising a support mernBeTafid^centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor) on 
the support member. 

3250. The system of claim 3246, wherein the open wellbore comprises a (Jr&neter of at 
least approxin>atel^5 cm. 



OB 
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325 1 . The/ systeriAof claim 3246, fimher comprising a lead-in conductor coupled to the 
insulated cpnduct©r,\yhereinjhe lead-in conductor conymses a low resistance conductor 



configured 



to generate substantially no heat. 



3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-ig/conductor comprises a rubber insulated 
conductor. 



SSI 
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3253. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3254. The system of ;laim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3255. The/ystem of claim 3246, further comprising a lead-in conductor coupled to the 
25 insulated/conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



30/ 



>56. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 
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^257^J]iesy^ a conductor 

disposed in an electrically insulating material, and wherein the condiact^rs^mprises a 
copper-nickel alloy. 



3258. The system>of claim 3246, wherein the insulated conductor comprise^ conductor 
disposed/fri an electrically insulating material, wherein the conductor coprprises a copper^ 
nickel/alloy, and wherein the copper-nicke^alloy comprises appropriately 7 % nickel by 
weight to appro2ftmately\12 % nick^H5y weight. 

3259. The ^ystem ofclaim 3246, wherein the insjritited conductor comprises a conductor 
dispose^Kn an electrically insulating material/wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickeLtfy weight. 

3260. The system of clahfT 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprise/a thermally conductive material. 



3261. TJa6 system of claim 3246, wherein the insulated conductor comprises a conductor 
dispqg^d in an electrically insulating material, and wherein the electrically insulating 

terial comprises magnesium oxide. 

3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 



"disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 
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V264. The system of claim 3246, wherein the insulated conductorcbujprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises graip particles, 
and wherein the grain particles are configured to occupy porous spaces v^xhin the 
magnesium oxide. 



10 



3265. The systeiffofdaim 3246, wherein the insulated condueror comprises a conductor 
disposed in ap electrically insulating material, and wherein/fne electrically insulating 
material is ^disposed in a sheath, and whpr&n the shea^Tcomprises a corrosion-resistant 
material. , 



ftJ 
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3266. [The system of claim 3246, whereha'xhe insulated conductor comprises a conductor 
disposed in an electrically insulating rpfaterial, and wherein the electrically insulating 
material is disposed in a sheath, ana wherein the sheath comprises stainless steel. 

3267. The system of claina 3246, further comprising two additional insulated 
conductors, wherein tWinsulated conductor and the two additional insulated conductors 
are configured in a 3^phase Y configuration. 

3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein th^r insulated conductor and the additional insulated conductor are coupled to a 
support JTiember, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 



25 3Z69. The system of claim 3246, further comprising an additional insulated conductor, 
therein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuratior 



30 3270. The system of claim 3246, wherein the insulated conductor is configured to 

generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 
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The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices j 
configured to provide fluid flow through the support member into the open welUSore 
during use. / 

3272. The^s^stem oKclaim 3246, further comprising a support member configured to 
support/tne insulated conductor, wherein the support membei><5omprises critical flow 
orifices configured to provide a substantially constant am<Hint of fluid flow through the 
support member into the open wellbore during use. / ^ 

3213. The? system of clai m 324 6rfSrther comprising a tube coupled to the insulated 
(kjnduptor, wherein the tube is configured to provide a flow of fluid into the open 
wellbore during use. / 

3214. The system of claim/3246, further comprising a tube coupled to the insulated 
conductor, wherein the trfoe comprises critical flow orifices configured to provide a 
substantially constantamount of fluid flow through the support member into the open 
wellbore during u^e. 

3275. The/System of claim 3246, further comprising an overburden casing coupled to 
the operywellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 

3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3277. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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J22S---J : fee r systei^^ claim 3246, further comprising an overburden casin^coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 
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3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore^ wherein the overburden casing is disposed in an overburden of the 
formation, \yfterein a packing material is disposed at a junction of the overburden casing 
and the otftn wellbore, ai^l wherein the papking material is configured to substantially 
inhibit ^ flow of/fifid, between the oj>en wellbore a^d the overburden casing during use. 



*0 
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328u. The system of claim 3246, further comprising an overburden casing coupled to 
the qpen Wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materials disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 



'f 5 
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3281. The. system of claina 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the syste^n further comprising a wellhead coupled to the overburden casing 
and a lead-in conauctor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, ancnvherein at least the one sealing flange is configured to couple to the lead-in 
conductor. 

32p2. The system of claim 3246, wherein the system is further configured to transfer 
ieat such that the transferred heat can pyrolyze at least some of the hydrocarbons in the 
/selected section. 



30 



>83. A system configurable^*. 



i^allormation, comprising: 
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an insulated conductor configurable to be disposed within an open Wellbore in the 
)rmation, wherein the insulated conductor is further configurable to provid^ radiant heat 
to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer fropi the insulated 
conductor to a selected section of the formation during use. 



□ 

ffi. 



iU 

5 



10 



3284. The systeprafelaim 3283, wherein the insulated conductor is further configurable 
to generate h^at during application of an electrical currepr to the insulated conductor 
during use. > 

3285. The system o^laiirK^83^ftnther comprising a support member, wherein the 
support r^ember is^nfigurable to support/the insulated conductor. 

3286. The system of claim 3283, farther comprising a support member and a centralizes 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 



3287. The system/of claim 3283, wherein the open wellbore comprises a diameter of at 
20 least approximately 5 cm. 



15 



25 



3288. THe system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3289. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 



30 jS&G^^Thejx^ comprising a lead-in conductor coupled to the 

insulated conductor, wherein the lead-in conductor comprises a copper wire. 
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insulated conductor with a cold pin transition conductor. 



ictor coupled to the 



3292. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



m 



i=1 



U 



3293. The system<afclaim 3283, wherein the insulated conductor comprises a^emiductor 
10 disposed in an/electrically insulating material, and wherein the electrically^nsulating 

material is disposed in a sheath. 

3294. The syspem of claim 32^3^wherein the insulated conductor comprises a conductor 
disposed) in aryelecliit^tl^Mnsulating material, and wj^rein the conductor comprises a 

15 copper-nidcel alloy. 

3295. The system of claim 3283, whereifi the insulated conductor comprises a conductor 
disposed in an electrically insulating/material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 

20 weight to approximately 1 2 % nickel by weight. 



25 



3296. The system o&claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an ele^rically insulating material, wherein the conductor comprises a copper- 
nickel alloy, apra wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 



30/ 



2297. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
'material comprises a thermally conductive material. 
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3298. The systemof£laim^283, whciciii xhe insulated tondueteF-coaierises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating" 
material comprises magnesium oxide. 

3299. The system of claim 3283, wherein the insulated conductor comprises a conduct 
disposed in an electrically insulating material, wherein the electrically insulating^pa^terial, 
comprises magnesium oxide, and wherein the magnesium oxide comprise^^fhickness of 
at least approximately 1 mm. 



fs9i 



10 3300. The system of claim 3283, wherein the insukted conductor comprises a conductor 
disposed in an dectrically insulating materu^^nd \yKerein the electrically insulating 
material comprises aluminum oxide ^ntf magn^ium oxide. 

3301 . Thj& system of claim 3283, wherein the insulated conductor comprises a conductor 
15 dis^>ose<l in an electrically insulatiffg material, wherein the electrically insulating material 
comprises magnesium oxide^wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 



20 3302. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in jm electrically insulating material, and wherein the electrically insulating 
material yi disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 
materia 



25 3305. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
aterial is disposed in a sheath, and wherein the sheath comprises stainless steel. 



3304\ s The system of claim 3283, further comprising two additio nal insulated 
30 conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3-phase Y configuration. 
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3305. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupledyfo a 
support member, and wherein the insulated conductor and the additional insula^ 
conductor are configurable in a series electrical configuration. 



m 



Q 

sfss 
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3306. The system of claim\3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additioilal insulatecLdonductor are coupled to a 



support mei 



ber, and wherein, the insulatejixonductor sgm the additional insulated 



10 conductor a e configurable in a parallel electrical comiguration. 

3307. The system of c/laim 3283, wherein .the insulated conductor is configurable to 
generate radiaW hea^of approximately 500 W/m to approximately 1 150 W/m during use. 

15 3308. The system of claim 3283< further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide flyad flow through the support member into the open wellbore 
during use. 

20 3309. The syste^n of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 



25 33 1/0. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow oftiiudr«rtcrme open 
'wellbore during use. 



3311. The system of^aim 3283, further comprising a tube coupled to the first insulated 
30 "tren4ueterrWfierein the tube comprises critical flow orifices configurable to provide a 
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substantially constant amount of fluid flow throu gh the support membe r into the open 
wellb^cedurmg use. 

33 12. The system of claim 3283, further comprising an overburden casing coupleA to 
the open wellbore, wherein the overburden casing is disposed in an overburden the 
formation. 

3313. The system of jdaim 3283, further comprising an overburdepxasing coupled to 
the open wellbore, Wherein the overburden casing is disposed in^an overburden of the 
formation, and wherein the overburden casing comprises ^el. 

3314. The system of daim 3283, furtheTcornprtsiTig an overburden casing coupled to 
the open wellborejo^herein the overburden c^ing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

33 15. The system of claim 3283; further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a/packing material is disposed at a junction of the overburden 
casing and the open wellbore. 

3316. The system of claim 3283, further comprising an overburden casing coupled to 
the open weWbore, wherein the overburden casing is disposed in an overburden of the 
formation/ wherein a packing material is disposed at a junction of the overburden casing 
and theyopen wellbore, and wherein the packing material is configurable to substantially 
inhibi/ a flow of fluid between the open wellbore and the overburden casing during use. 



33 \tL The system of claim 3283, further comprising an m^rbtntlen casing coupled to 
the opeh^ellbore, wherein the overbuideixjcasifigls disposed in an overburden of the 
formation, wherein-a4jaGkmgTn^ is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 
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3318. The system of claim 3283, further comprising an ov erburden casing coupled to 
The open well bore, wherein the overburden casing is disposed in anovfcrkmxlen of the 

formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least/one sealing 
flange, and wherein at lea^fRF&n^sealing flange is configurable to coupte to the lead-in 
conductor. 

3319. The system df claim 32^37^hgreir^lie-^tem is further configured to transfer 
heat such that the transferred heat can pyrolyze at least^ome hydrocarbons in the selected 
section. 

3320. An in situ method for heating a coal formation, comprising: 

applying an electrical currentto an insulated conductor to provide radiant heat to 
at least a portion of the formationovherein the insulated conductor is disposed within an 
open wellbore in the formation; and 

allowing the radmnt heat to transfer from the insulated conductor to a selected 
section of the formation. 



3321 . The mdthod of claim 3320, further comprising supporting the insulated conductor 
on a support member. 



222?/ The method of claim 3320, further comprising supporting the insulated conductor 
or/a support member and maintaining a location of the insulated conductor on the support 
lember with a centralizer. 

3323. The method of claim 3320, wherein the insulated conductor is CQja&teQ to two 
additional insulated conductors, wherein the insulated cqijd«et5F and the two insulated 
conductors are disposed within the open weljijereTand wherein the three insulated 
conductors are electrically coupl^d-irfa 3 -phase Y configuration. 
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3324. The method-^f^Iaim 3320, wherein an additional insulated conductor is exposed 
wltkin the open wellbore. 

3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additiojaal 
insulated conductor are electrically coupled in a series configuration. 



10 



3326. The method of claim 3320, wherein an additional insulated aemductor is disposed 
within the open wellbpreranekwherein the insulated conductor ajafl the additional 
insulated conductor are electrically coupled in ^parallel configuration. 



3327. Th^ method of/6Imhk332J0^nerein the provided heat comprises approximately 
500 W/ni to approximately 1 150 W/m. 



15 3328 



The method of claim 3320, wherein^the insulated conductor comprises a 
conductor disposed in an electrically ig^ulating material, and wherein the conductor 
comprises a copper-nickel alloy. 



20 



25 



30 



3329. The method of claim/3320, wherein the insulated conductor comprises a 
conductor disposed in an^iectrically insulating material, wherein the conductor 
comprises a copper-ni^Kel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 %/nickel by weight to approximately 12 % nickel by weight. 

3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the condus 
comprises a copper-nickel alloy, and wherein the copper-nickej^attCy comprises 
approximately 2 % nickel by weight to approxim^tely^% nickel by weight. 



3331>Jhe method^ 




lm 3320, wherein the insulated conductor comprises a 



conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 
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3332. The metj^od^f^laun 3320, wherein the insulated conductor comprises a 
iuctor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium o^Kie 
comprises a thickness of at least approximately 1 mm. 



pa 
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3333. /Tfientethod of claim 3320, wherein the insulated conductor :omprises a 
conductor disposed in an electrically insulating material, ancLwherein the electrically 
insulating material coimmses aluminum oxide and magnesium oxide. 



334. The method of claim 3320, wherein the imulated conductor comprises a 
onductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesiumr Dxide, wherein the magnesium oxide comprises 

in particles, and wherein the grairyparticles are configured to occupy porous spaces 
within thef magnesium oxide. 

3335. The method of clahn 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheajm, and wherein the sheath comprises a corrosion-resistant material. 

3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed" in a sheath, and wherein the sheath comprises stainless steel. 



25 3337. / The method of claim 3320, further comprising supporting thejristifateH conductor 
on a/support member and flowing a fluid into the open wgllbSre through an orifice in the 
support member. 



5338. The method of claim 3^20; further comprising supporting the insulated conductor 
30 / on a support member anfHfowing a substantially constant amount of fluid into the open 
wellbore through^efrtical flow orifices in the support member. 
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333*T ihe method of claim wherein a perforated lube is disposedintfie open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. J 

3340. The method of clrfim 3320, wherein a tube is disposed in the opejvvtfellbore 
proximate to the insulated conductor, the method further comppsitig flowing a 
substantially constant amount a fluid into the open^wejifctfre through critical flow orifices 
in the tube. ( ^ — . -—^^ 

3341 . The method of claim 332^further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in^the support member 

3342. Th^method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 

3343. The method of claim 3320, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

3344. The method of claim 3320, further comprising monitoring a leakage current of the 
insulated conductor. 



3345. The method of claim 3320, further comprising monitoring the applied electrical 
current. 
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3347. The method of claiiii^2^7iurtHer comprising monitoring a temperature in the^ 
insulated conductor with at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead^if 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially, no heat. 



a 
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3349. The method omlaim 3320, further comprising electrically coupling a lead-in 
conductor to the insulateu conductor using a cold pin tp^nsition conductor. 

3350. The methoa of claim 3^20, furthey^dmprising electrically coupling a lead-in 



conductor to 
cold pin tran 
conductor. 



the msulated conductor using4 cold pin transition conductor, wherein the 
itipn conductor comprises a substantially low resistance insulated 



3351. The method of clairn 3320, further comprising coupling an overburden casing to 
the open wellbore, whej^in the overburden casing is disposed in an overburden of the 
formation. 

3352. The metfiod of claim 3320, further comprising coupling an overburden casing to 
the open weflbore, wherein the overburden casing is disposed in an overburden of the 
formation^ and wherein the overburden casing comprises steel. 



335X The method of claim 3320, further comprising coupling an overburden casing to 
25 the open wellbore, wherein the overburden casing is disposed in an overburdenjyf] 
formation, and wherein the overburden casing is further disposed-iffcement. 



3354. The method of claim 3320-Jwrffier comprising coupling an overburden casing to 
the open wellbore, whergifrffie overburden casing is disposed in an overburden of the 
formation, andj^rffein a packing material is disposed at a junction of the overburden 
casing^afrtfthe open wellbore. 
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3355. Thejri£thodl)Fclaim 3320, further comprising coupling an overburden casing 
The open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid betw^g 
the open wellbore and the overburden casing with a packing material. 



3356. The method of claim 3320, further comprising heating at leas^the portion of the 
formation to pyrolyze at/least somKhydrocarbons within the fonnmion. 



10 3357. An in situ method for heating a coal formationyCfomprising: 

applying an electrical current to an insulates ;onductor to provide heat to at least 
a portion of the formation, wherein the insulatpd conductor is disposed within an opening 
in the formation; and 

allowing the heat to transfer frcyfi the insulated conductor to a section of the 
15 formation. 

3358. The method of clain}/3357 ? further comprising supporting the insulated conductor 
on a support member. 



20 3359. The methocrof claim 3357, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizer. 

3360. The method of claim 3357, wherein the insulated conductor is coupled to two 
25 additi^fial insulated conductors, wherein the insulated conductor and thej\ 

conductors are disposed within the opening, and whejewHilemree insulated conductors 
are electrically coupled in a 3-phase Y configuration. 



30 



$361 . The method o£emm 3357, wherein an additional insulated conductor is disposed 
[within the opening. 
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3362. Th^j3a©thod*oTclaim 3357, wherein an additional insulated conducted is disposed 
within the opening, and wherein the insulated conductor and the additional ipsulated 
conductor are electrically coupled in a series configuration. 

3363. The method of claim 3357, wherein an additional insulate^Pconductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configurator!. 



3364. The method of 
500 W/m to ^proxim; 



3357, wherein the provided heat comprises approximately 




3365. The method df claim 3357, wherein the insulated conductor comprises a 
conductor disp v 5sefl in an electrically^nsulating material, and wherein the conductor 
comprises a copper-nickel alloy. 

3366. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in aji electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 %'nickel by weight to approximately 12 % nickel by weight. 

3367. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprise/ a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3368. The method of claim 3357, wherein the insulated conductor comprises a, 
conductor disposed in an electrically insulating material, and whereifl<fch£electrically 
insulating material comprises magnesium oxide. 



30 3369. The method of claim 3357 > >vfterein the insulated conductor comprises a 
:onductor disposed in anj&fe6trically insulating material, wherein the electrically 
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insulating ma terial cojii piisefrfflagnesl^ and wherein the magnesuih^oxide 

comprises a thickness of at least approximately 1 mm. 

3370. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises jiluminum oxide and magnesium oxidj 

3371 . The method o#claim\3357, wherein the insulated conductor comprises a 
conductor disposed fa an diectri^ally inflating materialywherein the electrically 

10 insulating material/comprises magnesium oxide, wWein the magnesium oxide comprises 
grain particles, and wherein the grain particles ape configured to occupy porous spaces 
within the magnesium oxide. 



SfSl 



3372. The method of claim 3357, wherein the insulated conductor comprises a 

15 conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and whizrein the sheath comprises a corrosion-resistant material. 

3373. The method of clmm 3357, wherein the insulated conductor comprises a 
conductor disposed in^n electrically insulating material, wherein the insulating material 

20 is disposed in a sheath, and wherein the sheath comprises stainless steel. 



25 



3374. The method of claim 3357, further comprising supporting the insulated conductor 
on a suppon member and flowing a fluid into the opening through an orifice in the 
support rnember. 

3375. The method of claim 3357, further comprising supporting thej^stflated conductor 
orf a support member and flowing a substantially constan^airfount of fluid into the 

)ening through critical flow orifices in the^uptfort member. 
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3376. The method of claim 3357, wh£i^fi-a-perforated tube is disposed in the opeftkig 
^yjm a t^ tn *he Un*rttfif£^c.nn<\urtnr^ the method further comprising flowing a fluid ipro 
the opening through the perforated tube. 



1 
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3377. The method of claim 3357, wherein a tube is disposed in the opemrfg proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid iotCThe-Qpening through critical flow orifices in tjae tube. 

3378. Th/methocjretf claim 3357, further comprising suffporting the insulated conductor 
on a supriort member af^i flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support rnemBS 

3379. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to trie insulated conductor^tne method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

3380. The method of claim/3357, further comprising determining a temperature 
distribution in the insulat^ conductor using an electromagnetic signal provided to the 
insulated conductor. 

3381 . The methocr of claim 3357, further comprising monitoring a leakage current of the 
insulated conductor. 



3382. The ipethod of claim 3357, further comprising monitoring the applied electrical 
25 current. 



3383. The method of claim 3357, further comprising monitorii 
insulated conductor. 



applied tt 



30 338^. The method ofpkrim 3357, further comprising monitoring a temperature in the 
insulated conjiaCfor with at least one thermocouple. 
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3385. The method oLciamT3357, further comprising electrically^roqpling a lead-in 
conduGtoTfoThe insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3386. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 



ill 
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3387. The method o>ctaim 3357, further comprising electrical]^ coupling a lead-in 
10 conductor to the insulated conductor using a cold pin transition conductor, wherein the 

cold pin transition conduc \r comprises a substantially I9W resistance insulated 
conductor. 

3388. The method of claim 3357, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

3389. The method of claim 33Sv, further comprising coupling an overburden casing to 
the opening, wherein the overnurden casing is disposed in an overburden of the 

20 formation, and wherein the overburden casing comprises steel. 



25 



3390. The method/of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, arya wherein the overburden casing is further disposed in cement. 

3391 . The method of claim 3357, further comprising coupling an overburden casing^ 
the on&iing, wherein the overburden casing is disposed in an overbyrden^Tthe 
formation, and wherein a packing material is disposed-aTajunction of the overburden 
casing and the opening. 
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3392. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluya between 
the opening and the overburden casing with a packing material. 



3393. The method of p&im 
formation to subste 



, further comprising heating at^ast the portion of the 
olyze\at least some hydrocarbons within the formation. 



o 
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3394. A syst9m configured to heat a coal formatiorf; comprising: 
an ln^uiafed conductor disposed within^n opening in the formation, wherein the 

insulated coridtictor is configured to provide heat to at least a portion of the formation 
during use, wherein the insulated cond*fctor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

wherein the system^s configured to allow heat to transfer from the insulated 
conductor to a selected .Section of the formation during use. 

3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate h^at during application of an electrical current to the insulated conductor 
during usey 



3396/ The system of claim 3394, further comprising a support member, wherein the 
suizfport member is configured to support the insulated conductor. 



25 / 3397. The system of claim 3394, further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of thejiisutetsa^onductor on 
the support member. 





30 J34^ L The sy stem^claim 3394, wherein the opening comprises a diameter of at least 
approximately 5 cm. 
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The system of claim 3394, further comprising a lead-in conduce* coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

5 

3400. The system of claim 3394, further comprising a lead-in conductor Coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber ^nsulated 
conductor. 

10 3401 . The systein of claim 3394\ further comprising a leafKin conductor coupled to the 
insulated conductor, wh£feifr>the lead-in conductor confprises a copper wire. 



□ 
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3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated co^ductorywith a cold pin transition conductor. 

15 

3403. The system of claim 3394/ftirther comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



20 3404. The system'of claim 3394, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 



3405^/The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
25 electrically insulating material, and wherein the electrically insulating material comprises 
lagnesium oxide. 



3406. The system of claim 3394, wherein the copper-nickel alloy isdispesearin an 
electrically insulating material, wherein the electricaUyiftstllatmg material comprises 
magnesium oxide, and wherein thejiiagrresfum oxide comprises a thickness of at least 
appre ximately - 
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3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. / 

3408. The systerrfof claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating mafenal comprises 
magnesium oxide, wherein the magnesium oxide comprises gnutfparticles, and wherein 
the gram particles are^orifigured to occupy porous spacesy/ithin the magnesium oxide. 

3409. Vxh£-5^stem 0 f claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the e^ctrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3410. The system of claim 3394/wherein the copper-nickel alloy is disposed in an 
electrically insulating material/wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

341 1 . The system ofrelaim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured m a 3 -phase Y configuration. 

3412. The^system of claim 3394, further comprising an additional insulated conductor, 
wherein me insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3413. The system of claim 3394, further comprisijig-airaaHitional insulated conductor, 
Avherein the insulated conductor an^the^3ditional insulated conductor are coupled to a 
support member, andjaiiefein the insulated conductor and the additional insulated 
condnc^oTareconfigured in a parallel electrical configuration. 
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34JA_J]2£-syst^ the insulated conductor isixmfigured to 

generate radiant heat of approximately 500 W/m to approximately 1 150 W/m/during use. 



10 



15 



341 5. The system of claim 3394, further comprising a support mejflber configured to 
support the insulated conductor, wherein the support memberp<5mprises orifices 
configured to provide fluid flow through the support memtfer into the opening during use. 




3416. The system of claim 3394, further comprising a support member configured to 
support the insulated ^conductor, wherein the support member comprises critical flow 
orifices conf igured/o provide a substantially constant amount of fluid flow through the 

during use. 



support mem 



into the opeirr 



3417. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube^is configured to provide a flow of fluid into the opening 
during use. 
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34 1 8. The system^ f claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially/constant amount of fluid flow through the support member into the opening 
during use 



3419: The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3420. The system of claim 3394, further comprising an overbu rden casing c oupled to 
the opening, wherein the oveibupdeiTTrasing is disposed in an overburden of the 
formatioar-^d^Eerein the overburden casing comprises steel. 
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3421 . The systemof£lai»^594rfurther comprising an overburden casftig-eeupled to 
le opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3422. The system of claim 3394, further comprising an overburden cpdmg coupled to 
the opening, whereftrttie overburden casing is disposed in an ovprmirden of the 
formation, amd wherein a packing material is disposed at a ^friction of the overburden 
casing and/the opening. 
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3423. T|ie system df (Maim 3394, further comprising an overburden casing coupled to 
the openi ig, wherefin the overburden casnafg is dispesecfin an overburden of the 
formation, wherein a packing materi^^aisposed at a junction of the overburden casing 
and the opening, and wherein the jfacking material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3424. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, whereii/the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
anc^a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
lange, and wherein at least the one sealing flange is configured to couple to the lead-in 

/conductor. 



30 




^3426. The system of claim 3394^&erefiTthe system is further configured to transfer 
HfeaLsuch thaL-the^ransTerred heat can pyrolyze at least some hydrocarbons in the selected 



section. 
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3427. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed within an opening in the 

formation, wherein the insulated conductor is further configurable to provide heat to at 

least a portion of the formation during use, wherein the insulated conductor comprises ; 

copper-nickel alloy, and wherein the copper-nickel alloy comprises approximate!^ % 

nickel by weighj^tdappro^imately 12 % nickel by weight; 

whe^in the systepds configurable to allow heat to trans£sflrom the insulated 

conductor to a selectee section of the formation during usp^ 

3428( The system of claim 3427, wherein thaifisulated conductor is further configurable 



to generate Jjeat during z 
during u: 



^plication of an electrical current to the insulated conductor 




3429. The system of claim/3427, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3430. The systeni of claim 3427, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the^centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

343/. The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



5432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
isulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 
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3433. The system of claim 3427, furt her comprising a lead-in co nductor coupled to the 
insulate dxofldttetOFTw^ the lead-in conductor comprises a rubber insuI3t 
conductor. ; 

3434. The system of claim 3427, further comprising a lead-in conductor C0upled to the 
insulated conductor, wherein the lead-in conductor comprises a coppep^wire. 

3435. The system of claim 3427, further comprising a lead^m conductor coupled to the 
insulated conductor with a cold pin transition conductor., 



3436. Thesyste 
insulated con 
conductor c 




claim 3427, further comprising a lead-in conductor coupled to the 
th a cold pin transition conductor, wherein the cold pin transition 
ubstantially low resisaancp^rtsulated conductor. 



3437. Ttfe systems^ claim 3422fwheran the copper-nickel alloy is disposed in an 
electrically insulating material, and v^nerein the electrically insulating material comprises 
a thermaUV conductive material. 



3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3439. The system claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxiae, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 



3440/ The system of claim 3427, whereir^be-copperTirckel alloy is disptf 
eljgfctrically insulatingjjiatertalTand wherein the electrically insulating material comprises 
lummum-TTxicie andmagnesium oxide. 
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344J^-JEbe-sy§TenTof claim 3427, wherein the copper-nickel alloy is disposScsm an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material iyaisposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material./ 



a 



10 3443. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

3444. The syste#i of claim 3427, further comprising tWo additional insulated 
15 conductors, wWerein the insulated conductor and the^two additional insulated conductors 
are configurable in a 3 -phage Y configuration. 
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3445. Thd system ofclaim 3427^ft^rth^cmnprising an additional insulated conductor, 
wherein the msul^ted conductor and the^dditional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



25 



3446. The system of clahn 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, ajrfl wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 



3447. TJ?fe system of claim 3427, wherein thejjisulated-cosa^ is configurable to 
generat^^idianUi^ 500 W/m to approximately 1 150 W/m during use. 



30 
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3448.^T]iej>yste^ rurther comprising a support member^ori|igurable to 

support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbor^ 
during use. 
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3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises ^entical flow 
orifices configuraMe-te-provide a substantially constant amount of |kud flow through the 
support membe/into the opening during use. 

3450. The System of c/^hB^427Tfurther comprising^ tube coupled to the insulated 
conductor, ^herein ttyk tube is configurable to gj?dvide a flow of fluid into the opening 
during use. 

345 1 . The system of claim 3427, ftfrthef comprising a tube coupled to the insulated 
"conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amouijr :>f fluid flow through the support member into the opening 
during use. 

3452. The system pf claim 3427, further comprising an overburden casing coupled to 
the opening, wh^ein the overburden casing is disposed in an overburden of the 
formation. 



3453. The system of claim 3427, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



30 



^454. The system of claim 3427, further comprising an overburden casing coupled to 
le opening, wherein the overburden easinp i s di s po s ed in nn othHihI i' ii iTT fKf 
formation, and wherein the overburden casing is further disposed in cement. 
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3455. The system of claimJ3422r6fl"tiie^ an overburdencasilig-Qoupled to 
the op^ning^^iefein^he overburden casing is disposed in an overburden of the\ 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3456. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overWden of the 
formation, wherein a packing material is disposed at a junction^ the overburden casing 
and the opening, and wherein the packing material is confutable to substantially inhibit 
a flowyof fluicf beWeen the opening and the overburderyxasing during use. 

3457. \Tne system ofbi^im 3427, further comnrking an overburden casing coupled to 
the opening, wherein the ov^urderTcasing^rs disposed in an overburden of the 
formation, wherein a packing material is/isposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3458. The system of claim 342/, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor/coupled to the insulated conductor, wherein the wellhead is 
disposed external to overburden, wherein the wellhead comprises at least one sealing 
flange, and wherejh at least the one sealing flange is configurable to couple to the lead-in 
conductor. / 

3459. Th^ system of claim 3427, wherein the system is further configured to transfer 
heat sucjfi that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
sectiori. 

3^60. An in situ method for heating a coaybjmationrcomprising: 

' applying an electrical^giiH i efifto an insulated conductor to provide heat to at least 

a portion of thejj&mtStion, wherein the insulated conductor is disposed within an opening 
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in the formation, and wherein the-instriateJconductor compriS&s^CQ^per-nickel alloy of 
approximatelyJ7~% r nTckel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. 



3461 . The method of claim 3460, further comprising supporting the insulatejK;onductor 
on a support member. 



E^ 
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3462. The method of > 6laim3460, further comprising supportmgthe insulated conductor 
10 on a support merafoer and maintaining a location of the fir^Hnsulated conductor on the 

support memj?er with a centralize 

3463. Tfatf method of claim>460, wherein tj*6 insulated conductor is coupled to two 
additio^l insulated conductors, wherein/tne insulated conductor and the two insulated 

15 conductors are disposed within the ojsfening, and wherein the three insulated conductors 
are electrically coupled in a 3-ph2se Y configuration. 



m 
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3464. The method of cl^im 3460, wherein an additional insulated conductor is disposed 
within the opening. 

3465. The metm)d of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor/are electrically coupled in a series configuration. 



25 3466/ The method of claim 3460, wherein an additional insulated conductor is dispos 
witMin the opening, and wherein the insulated conductor and the additiongiirtgulated 
conductor are electrically coupled in a parallel configuratior 
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$467. The method of claim 346£<wfte?ein the provided heat comprises approximately 
500 W/m to approxiniatetfTlSO W/m. 
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3468. The method of claim34* 
electricattylnsulatii^ material. 



sretnTKe copper-nickel alloy is dispSsed^n an 
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3469. The method of claim 3460, wherein the copper-nickel alloy is disposed ir/oh 
electrically insulating material, and wherein the electrically insulating matepd comprises 
magnesium oxide. 

laim 3460, wherein the copper-nick^talloy is disposed in an 
ihaterial, wherein the electricalhHiisulating material comprises 
d wherein the magnesium oxiue comprises a thickness of at least 



3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, ajra wherein the electrically insulating material comprises 
aluminum oxide and magneskfm oxide. 

3472. The method o^daim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 




25 



3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 



174. The method of claim 3460, wherein the copper-nickel aUo^jsjiisposed-iiran 
electrically insulating material, wherein thejosutetifig^ is disposed in a sheath, 
and wherein the sheath comprises'sfainless steel. 
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owing a fluid into the opening through an orifice in the 



support member. 



3476. The method of claim 3460, further comprising supporting the hjstnated conductor 
on a support member and flowing a substantially constant amouijt^f fluid into the 
opening through critical flow orifices in the support membj 

3477/ The method of claim 3460, wherein a perforated tube is disposed in the opening 
p^ximate to the insulated conductor, the njefnod further comprising flowing a fluid into 
|ng through the perforated tube 

3478. The^methodjafclaim 3^60, wherein a tube is disposed in the opening proximate to 
the insulated conductor, th^'method further comprising flowing a substantially constant 
amount a fluid into the /fpening through critical flow orifices in the tube. 



3479. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the opening through an 



orifice in th/ support member. 



3480. /The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 




348^. The method of claim 3460, further comgrisiiig^tetennining a temperature 
distributttma iLthe insulate d-eenriCctor using an electromagnetic signal provided to the 
insulated conductor. 



3482. The method of claim 3460, further comprising monitoring a leakage current of the 
insulated conductor. 
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3483. Themethodj 
current. 



jO, further comprising monitoring the applied electrics 



3484. The method of claim 3460, further comprising monitoring a voltage^pplied to the 
5 insulated conductor. 
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3485. The method of claim 3460, further comprising monijdring a temperature in the 
insulated conductor with at least one thermocouple. 




10 3486. The method of claim 3460, further comffrising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured togen^rate substantially no heat. 



3487. The method of claim 3460, further comprising electrically coupling a lead-in 
15 conductor to the insulated conductor using a cold pin transition conductor. 



3488. The method of dairn 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 



3489. TThe method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

/3490. The method of claim 3460, fi^b©rtr5mprising coupling an overburden casing to 
the opening, wherein th^pyerBurden casing is disposed in an overburden of the 
^formation, aud^Kerein the overburden casing comprises steel. 
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349L^J[lie^ to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3492. The method of claim 3460, further comprising coupling an oytffburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, ancj^wherein a packing material is disposed at jj^junction of the overburden 
casing anefthe opeping. 

3493: The methoel <bf claim 3460, further cpfnprising coupling an overburden casing to 
the opening, whereinXhe overburden ca^mg is disposed in an overburden of the 
formation, andAvherein the method further comprises inhibiting a flow of fluid between 
tha opening/and the overburden/Jasing with a packing material. 



15 3494. The method of claim 3460, further comprising heating at least the portion of the 
"formation to substantially pyrolyze at least some hydrocarbons within the formation. 



3495. A systeni configured to heat a coal formation, comprising: 

at lea^t three insulated conductors disposed within an opening in the formation, 
wherein at/feast the three insulated conductors are electrically coupled in a 3 -phase Y 
configuration, and wherein at least the three insulated conductors are configured to 
provijfe heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 
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3496. The system of claim 3495, wherein at least the three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 



30 3?97r- TKesyitem of claim 3495, further comprising a support member, wherein the 
support member is configured to support at least the three insulated conductors. 
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3498. The sYStem-trftnSIm 3495, further comprising a supporTlrrem^er and a centralizer, 
wherein the support member is configured to support at least the three inshlated 
conductors, and wherein the centralizer is configured to maintain a locati^ of at least the 
three insulated conductors on the support member. 

3499. The system of claim 3495, wherein the opening compj^es a diameter of at least 
approximately 5 
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3500. Thd system of 
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coupled tq 
conductor 
heat. 



at least the 



laim 3495, furthei^ompri&ng at least one lead-in conductor 
three insulatedxonductors, wherein at least the one lead-in 



comprises auow resistance conductor configured to generate substantially no 



15 3501 . The system of claim 3^95, further comprising at least one lead-in conductor 
coupled to at least the thre^/insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 

3502. The systenyof claim 3495, further comprising at least one lead-in conductor 
20 coupled to at lea^t the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 
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3503. The system of claim 3495, further comprising at least one lead-in conductor 
coupled/to at least the three insulated conductors with a cold pin transition conductor. 

3504/ The system of claim 3495, further comprisi33g^4easToneTead-in conductor 
coudled to at least the three insulated^onductors with a cold pin transition conductor, 
wherehKhexald^iirtr^itio^ conductor comprises a substantially low resistance 
insulated conductor. 
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3505. The systegojrf-etefflT3^ at least the three insulatectl^fiductors 
)nse a conductor disposed in an electrically insulating material, and whereiiTth^ 

electrically insulating material is disposed in a sheath. 

3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 
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3507. The system-efejaim 3495, wherein at least the three insisted conductors 
comprise a coiiductor disposed in an electrically insulatine^faterial, wherein the 
conductoj/comprises a copper-nickel alloy<and wherejfi'the copper-nickel alloy 
comprises a|#flx)ximately 7 0 /oniekgfby weight to^approximately 12 % nickel by weight. 



3508\JPfte system of claim 3495, wherrirfat least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 %nickel by weight to approximately 6 % nickel by weight. 

3509. The system of clmm 3495, wherein at least the three insulated conductors 
comprise a conductor iisposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



25 



3510. The^system of claim 3495, wherein at least the three insulated conductors 
comprise/a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 
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351 1 . The system of claim 3495, wherein at least the three insulated conductors 

comprise a conductor dispos^din^mi^lr rtri^ a lly i n. nl .il i ii ]; iiul mul, wli^Hn lh M 

electricStyinsuMingmaterial comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 
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3512. The system of claini_3455 r Jwhefem-at least the tliiee iiistriated-corujuctors 
conductor disposed in an electrically insulating material, and wherein the 

electrically insulating material comprises aluminum oxide and magnesium oxide. 

3513. The system of claim 3495, wherein the insulated conductor comprises a cofrtluctor 
disposed in an electrically insulating material, wherein the electrically insulafrfig material 
comprises magnesium oxide, wherein the magnesium oxide comprises jji'ain particles, 
and wherein the grain particles are configured to occupy porous sga€es within the 
magnesiumxjxic 

3514^ The system 'of claim 3495, wherein at least the^iree insulated conductors 
comprise ^ concmctor disposed in anelgi^kdl)nngulating material, and wherein the 
electrically insulating material is disposed in a sneath, and wherein the sheath comprises 
a corrosion-resistant material. 

3515. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in^n electrically insulating material, and wherein the 
electrically insulating material/is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3516. The system oFclaim 3495, wherein at least the three insulated conductors are 
configured to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m of at least/the three insulated conductors during use. 



25 3517. Tfe6 system of claim 3495, further comprising a support member configured to 
suppor^at least the three insulated conductors, wherein the support member comprises 
orif^es configured to provide fluid flow through the support member into the opening 
during use. 



30 J5i*T-^t1ie^ystem of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
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critical flow orifices configured to provide a substantially const 
through the support member into the opening during use. 



it of fluid flow 



3519. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured to provide a flow of fluid into the y 
opening during use. 
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3520. The system of claim 3495, further comprising a tube coupled tp^t least the three 
insulated conductor^whereimthe tube comprises critical flow orifices configured to 
provide a substaijftally constant amount of fluid flow througklhe support member into 
the opening during KseN 
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3521 . The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casjiig is disposed in an overburden of the 
formation. 

3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherehr the overburden casing comprises steel. 

3523. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation 5/ and wherein the overburden casing is further disposed in cement. 



25 3524. /The system of claim 3495, further comprising an overburden casing coupled to 
the cfpening, wherein the overburden casing is disposed in an overburden of the 
fonnation, and wherein a packing material is disposed at a junction of the overburden 
Rasing and the opening. 



30 [ 3525. The system of claim 3495, fiirthei^impris^^ casing coupled to 

.the opening, wherein thejwerBurden casing is disposed in an overburden of the 
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fonnatiorvwherein-a-^^ is disposed aFajunCtfofl-of^^ casing 

aficfthe opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3526. The system of claim 3495, further comprising an overburden casing coupled tc 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden/asing 
and the opening, and whereinjhe^packing material comprises cement. 

3527. The system of/claim 3495, further comprising an overburdenxJasing coupled to 
the opening, wherem the oyerburden casing isclisposed in an overburden of the 
formation, the system further xomprrstnga wellhead couplpdio the overburden casing 
and a lead-in conductor coupled to the insulated condueror, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing f^fige is configured to couple to the lead-in 
conductor. 



3528. The system of claim 3495< wherein the system is further configured to transfer 
heat such that the transferred/Keat can pyrolyze at least some hydrocarbons in the selected 
section. 



3529. A system configurable to heat a coal formation, comprising: 

at least^hree insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least the three insulated conductors are electrically coupled 
in a 3 -phase Y configuration, and wherein at least the three insulated conductors are 
furthe^configurable to provide heat to at least a portion of the formationjlurii^^ and 
wherein the system is configurable to allow hea£J*>-transfer from at least the three 
insulated conductors to a selected sectioji^flJiefbrmation during use. 
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«S530. The system of claim 3529, wherein at least theTHferiristriatedxQnductors are 
further configurable to generate heat during application of an electrical current to affect 
the three insulated conductors during use. 



" r, 
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5 353 1 . The system of claim 3529, further comprising a support member, wherein the 
support member is configurable to support at least the three insulated/<x)nductors. 



10 



15 



20 



3532. The 
wherein the 
conductors, 
the three ins 




[>f claim ^529, further comprising a support member and a centralizer, 
Ser is configurable to support ^tf least the three insulated 
pin the centralizer is configurable to maintain a location of at least 
iuctors on the support member. 



3533. The system of claim 3529, wherein the opening comprises a diameter of at least 
approximately 5 cm 

"3534. The system of claim 35^9, further comprising at least one lead-in conductor 
coupled to at least the three/insulated conductors, wherein at least the one lead-in 
conductor comprises a IgKv resistance conductor configurable to generate substantially no 
heat. 

3535. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 



25 3536. The system of claim 3529, further comprising at least one lead-in conductor 
foupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 



3537. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at i^r^!L thr ^ i ngl i lgltoH ™™4 i n i .. . ^ vm th a m\A pm rran^iTmn conductor. 
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The system of claim 3^ZV, turther cofflprtsmg-aUeastone lead-in conductor 
coupled to at least the three insulated conductors with a cold pin tr^isilim^onductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 



3539. The systeqa-of claim 3529, wherein at least the three insulated conductors 
comprise a conductor oisposed in an electrically insulating materiaL^nd wherein the 
electrically insulating material is disposed in a sheath. 



10 3540. The system of Wim 3529^herein at least the ^jfcnree insulated conductors 
comprise a conductor disposed in an electrically irjgulating material, and wherein the 
conductor comprises a copper-nickel alloy. 



f.-u 



3541 . The system of claim 3529, wherein at least the three insulated conductors 
15 comprise a conductor disposed in an'electrically insulating material, wherein the 
conductor comprises a copper-ni*£el alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % / nickel by weight to approximately 12 % nickel by weight. 



5=* 



3542. The system of^faim 3529, wherein at least the three insulated conductors 
20 comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3 543. /The system of claim 3529, wherein at least the three insulated conductors 
25 comprise a conductor disposed in an electrically insulating material, and wherein the 
fectrically insulating material comprises a thermally conductive material. 



3544. The system of claim 3529, wherein at least theJhre^in&uiated-Gonduetors 

emprise a conductor disposedjn^an^tecfHcally insulating material, and wherein the 



30 electrically insulating material comprises magnesium oxide. 
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comprise a conductor disposed in an electrically insulating material^ 
electrically insulating material comprises magnesium oxide, and whereij; 
oxide comprises a thickness of at least approximately 1 mm. 



le magnesium 



3546. The system of claim 3529, wherein at least the threeinsulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



3547. The system of claim 3529, wherein the/insulated conductor comprises a conductor 
disposed in an electacaHy insulating material, wherein the electrically insulating material 
comprises magnesium oxioe, wherein thp4nagnesium oxide comprises grain particles, 
ajid wherein the grain particle^a ie con figurable to occupy porous spaces within the 
nkagnesium/kcide. 



3548^ The system of claim 35^9, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3549. The system/of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless stee 



3550. The system of claim 3529, wherein at least the three insulated conductors are 
confia6rable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/rry during use. 




355 1\ The system of claim 3529, furtljeiK^mprising a support member configurable to 
support flTSftast th^ tjirpgj^fr^TTTflTpfl p.onHuptor^ wherein the support member comprises 
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rrable to provide fluid flow through the support member into the opening 



during use. 



3552. The system of claim 3529, further comprising a support member configurablp^o 
support at least the three insulated conductors, wherein the support member comfJrises 
critical flow orifices configurable to provide a substantially constant amoupfof fluid flow 
through the support member into the opening during use. 



■•■3 
130 



10 



15 



3553. The system of 
insulated conductors 
opening auring use 



:lahri 3529, further confprising a tube corfpled to at least the three 
therein the tube ^configurable to nrovide a flow of fluid into the 



3554. The system pf claim 3529, further comffrising a tube coupled to at least the three 
insulated conductors, wherein the tube corrtprises critical flow orifices configurable to 
provide a suDStarftially constant amoui^T of fluid flow through the support member into 
the opening during use. 



20 



25 



3555. The system of claim 2529, further comprising an overburden casing coupled to 
the opening, wherein the /werburden casing is disposed in an overburden of the 
formation. 

3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, arid wherein the overburden casing comprises steel. 

3557. The system of claim 3529, further comprising an overburden casing coupled to 
the opefiing, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 3558. The system of claim 3529, further^ompfi^ng an overburden casing coupled to 
the opening, wherein the oyet&tfnJen casing is disposed in an overburden of the 
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^formation, a n d whr r fti n n pnrlrinj; mntrrinl n ftiip o sp d a t ^ junction of the ov erburden 
casing and the opening. 

3559. The system of claim 3529, further comprising an overburden casing jroupled to 
5 the opening, wherein the overburden casing is disposed in an overburdeja^of the 

formation, wherein a packing material is disposed at a junction of thdoverburden casing 
and the opening, and wherein the packing material is configurate to substantially inhibit 
a flow of fluid betwepfTtK^Nppening and the overburden casing during use. 

10 3560. The system of claim 3529, further comprismg an overburden casing coupled to 
the opening, wherein tjke overburden casipgis disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, ancr wherein the packing material comprises cement. 

15 3561 . The system of claim 3529ynirther comprising an overburden casing coupled to 
the opening, wherein the overhmxlen casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 

20 flange, and wherein ,at least the one sealing flange is configurable to couple to the lead-in 
conductor. / 

3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
25 section. / 

3563( An in situ method for heating a coal formation, comprising: 

/ applying an electrical current to at least three insulated conductors to provide heat 
to/at least a portion of the formatior^whers^ insulated conductorsaFe^ 

30 disposedjvithu^^ the formation; and 
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TTngTEeTieatto transfer from at least the three insulateJcor 
selected section of the formation. 

3564. The method of claim 3563, further comprising supporting at leas/fhe three 
5 insulated conductors on a support member. 

3565. The method of claim 3563, further comprising supporthacg at least the three 
insulated conductors on a support member and maintaining,^ location of at least the three 
insulated conductors on the support member with a cenmdizer. 



10 



3566. The method oj^tekn 3563, wherein the^frovided heat comprises approximately 
500 W/m to approximately V 150 W/m. 



I&3 



□ 



3567. Theymethqqof claim 35£3; wherein at least the three insulated conductors 
15 comprise d condlictordrsposed in/an electrically insulating material, and wherein the 

conductor comprises a copperrnickel alloy. 

3568. The method of daim 3563, wherein at least the three insulated conductors 
comprise a conductop^isposed in an electrically insulating material, wherein the 

20 conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 

comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 



25 



3569. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



30 



3570. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
"electrically insulating material comprises magnesium oxide. 
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357 L The method of claim 35 63, where in at least the three insulated conductors 

wherein the 



rise a conductor disposed in an electrically insulating 
electrically insulating material comprises magnesium oxide, and wherein tfi^ magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



3572. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



3573. Them 
comprise a conductor 




563, wherein at least the three insulated conductors 
I in an electrically insulating material, wherein the 
electricalH insulating material ^efnprises magnesium oxide, wherein the magnesium 
oxide coniprisefc £F&in particles, and wherein the gram particles are configured to occupy 
porous spaeesj^miTh the magnesium oxide. 



"3574. The method of claim 3563, whereitfat least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a ^Keath, and wherein the sheath comprises a corrosion- 
resistant material. 

3575. The method of clmrn 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stainless 
steel. 



3S76. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member andjlo wing a fluid into the opening through 
an orifice in the support mer 
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3577. The method of claiiD^637^urther composing supportuiE-at-kast the three 

"conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical flow orifices in the support member. 



3578. The method of claim 3563, wherein a perforated tube is dispo^d in the opening 
proximate ^kfat Irast the three insulated conductors, the method njrtner comprising 
flowinofa fluid into the opening through the perforated tube. 



IB 



35/9. The method of claim 3563, wherein a tube is disposed in the opening proximate to 
10 at/least the th^ee inflated conductors, the methocj/nirther comprising flowing a 

substantially constant am&tm^-5trfd*Tnto the ^ening through critical flow orifices in the 
tuls^ 

3580. The method of claim 3563yfurther comprising supporting at least the three 
15 insulated conductors on a suppon member and flowing a corrosion inhibiting fluid into 
the opening through an orifiGe in the support member. 



m 
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3581. The method of/laim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least'the three insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 



25 



3582. TlWmethod of claim 3563, further comprising determining a temperature 
distribution in at least the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 

3583. The method of claim 3563, further comprising monitoring a leakage current j)fat_ 
least the three insulated conductors. 



3584. The method ofclainr3'563, further comprising monitoring the applied electrical 
30\^currer 
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least the three insulated conductors. 



voltage applied to at 



3586. The method of claim 3563, further comprising monitoring a temperature ii/at 
5 least the three insulated conductors with at least one thermocouple. 



5w 
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15 



3587. The method of-dahn 3563, further comprising electrically coupling a lead-in 
conductor to at le^st the three insulated conductors, wherein the lead!-in conductor 
comprises a low resistance qonductor configured to generate substantially no heat. 

3588. Thf meth^ o^claim 3563,^n ; tfier comprising efectrically coupling a lead-in 
conductor! to at least the three insulated conductors/using a cold pin transition conductor. 

3589. The method of claim 3563, further^omprising electrically coupling a lead-in 
conductor to at least the three insulated'conductors using a cold pin transition conductor, 
wherein the cold pin transition cqjrauctor comprises a substantially low resistance 
insulated conductor. 



\ U 



3590. The method ofxUaim 3563, further comprising coupling an overburden casing to 
20 the opening, wherpm the overburden casing is disposed in an overburden of the 
formation. 



25 



3591. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



J592. The method of claim 3563, further comprising coupling an overburdervcasiiig.to_ 
\the opening, wherein the overburden casingis^disposediirairwe of the 

formation, and wherein thejwerbtlr3en casing is further disposed in cement. 
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3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wnerein me overburden casing is disposed in an ovsrbttrdeiuifthe 
formation, and wherein a packing material is disposed at a junction of the overburdef 
casing and the opening. 



3594. The method of claim 3563, further comprising coupling an overburden casing tp y 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whereinjthe^method further comprises inhibiting a flow of fluid^fetween 
the opening and thyoverburd^n casing with a packing material. 

3595. The m^thodytxf claim 3563, furthere^mprising heating^af least the portion of the 
formation to ^substantially pyrolyze a^J^ast some of the hydrocarbons within the 
formation. 



3596. A system configured to heat a coal ^rmation, comprising: 

a first conductor disposed in a finrt conduit, wherein the first conduit is disposed 
within an opening in the formation/and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system^ configured to allow heat to transfer from the first conductor 
to a section of the formation during use. 

3597. The systejn of claim 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

3598. The system of claim 3596, wherein the first conductor comprises a pipe. 



3599. The system of claim 3596, wherein the fij 



luctor comprises stainless steel. 



$600. Thes\ 



claim 3596, wherein the first conduit comprises stainless steel. 
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^ 601. T he^y§teiirofclaim 3596, further comprising a centralizeTcDnfigured to maintain 
a location of the first conductor within the first conduit. 



3602. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the central izej/romprises 
ceramic material. 



10 



3603. The system o&claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherei^the centralizer comprises 
ceramic material and stainles^teel. 



U 

V. 



3604. The systenrcfi claim 3596, wherein the op§#ing comprises a diameter of at least 
approximately 5 cm. 

15 3605. The system of claim 3596, furjKer comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-h^conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3606. The system of claim 3596, further comprising a lead-in conductor coupled to the 
20 first conductor, wherein the lead-in conductor comprises copper. 

3607. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor. 

25 3608. The system of claim 3596, further comprising a sliding electrical connector 

cofupled to the first conductor, wherein the sliding electrical connectorjs^ftiiefcoupled 
to the first conduit. 



3609? l he~system of claim 3596, further comprising a sliding electrical connector 
30 coupled to the first conductor, wherein the sliding electrical connector is further coupled 
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ftKhe first condtritrand wherein the sliding electncatroimec^^ to complete 

an electrical circuit with the first conductor and the first conduit. 



3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, whpr&n at lqist the one sliding electrical connector is 
configured to generate les^heat than the first conductor or the second conductopduring 
use. 

3611. The system ofrfaim 3596, wKerem4ke4kstxonduit con^fises a first section and 
a second section, wherein a thickness of the first section k^eater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 




3612. The system of claim 35%; further comprising a fluid disposed within the first 
conduit, wherein the fluid is^onfigured to maintain a pressure within the first conduit to 
substantially inhibit defamation of the first conduit during use. 

3613. The sysiem of claim 3596, further comprising a thermally conductive fluid 
disposed wrmin the first conduit. 

3614. /The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helii 



3615. The system of claim 35967f5rthercomprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. 
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3616. The system of claim 3596, fur ther comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance y 
maintained between the first conduit and the opening to substantially inhijaft deformation 
of the first conduit during use. / 

3617. The system of claim 3596, wherein the first conductor is further configured to 
generate radiant h£at of approximately 650 W/m to approximately 1650 W/m during use. 

3618. The system of olaiin 3596, further comprising a second conductor disposed within 
a second conduit and a ihird conductor disposed ^vithin a third conduit, wherein first 
conduit, the pecond cqndW and the third conduit are disposed in different openings of the 
formation, wherein t$e first conductor is electrically coupled to the second conductor and 
the third cond\*£top/and wherein the fim, second, and third conductors are configured to 
operate in a 3 -phase Y configuration/auring use. 

3619. The system of claim 35#6, further comprising a second conductor disposed within 
the first conduit, wherein the' second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to fonn an electrical circuit with a connector. 

3621. The system of claim 3596, further comprising an overburden casing coupled to 
the opemng, wherein the overburden casing is disposed in an overburden of the 
formation. 



3^522. The system of claim 359^<fiirtKer comprising an overburden casing coupled to 
le opening, whei^Hfteoverburden casing is disposed in an overburden of the 
forftiartonTand wherein the overburden casing comprises steel. 
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3623. Tlhe-svstenToFHaTm 3596, further comprising an overBurJten-Ga^ing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3624. The system of claim 359£r&\rther comprising an overburden casing coupled to y 
the opening, wherein the oWburden casing is disposed in an overburden of the 
formation, and wherein a/packing material is disposed at a junction of the ovejbdrden 
casing and the openings 



20 



3625. The system/of claini^596, furtKer comprising an overburden casing coupled to 
the opening, wheyein the overburden casing is disposed in^an overburden of the 
formation, wherein a packing material is disposed at adjunction of the overburden casing 
and the opening, and^yvherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening ^rid the overburden casing during use. 

3626. The system of claim 3596, furfher comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 



25 



3627. The system^f claim 3596, further comprising an overburden casing coupled to 
the opening and'a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 



30 



3(#8. The system of claim 3596, further comprising an overburden casing coupled to 
ie opening and a substantially low resistance conductor disposed within the overburden 
[casing and a centralizer configuredjo - suppertil!g - su5sFant^ low resistance conductor 
ithin the overhurderreasing. 
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3629. The systemofclair 
substantially pyrolyzed. 



action of the formation is 



5 3630. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the firs 

conduit is configurable tp-fee^disposed within an opening in the formation, and wherein 

the first conductor is^nirther configurable to provide heat to at least a portiprfof the 

formation during^use; and 
10 whereiii the system is configurable to allow heatjjo^tfan^r from the first 

conductor to/a section lof the formation durine^us^T 



fx 

w 
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363 1 . Thi system of claim 3630, wherein the ftp^t conductor is further configurable to 
generate heat during application of an electrj^al current to the first conductor. 

15 

3632. The system of claim 3630, wherein the first conductor comprises a pipe. 

3633. The system of claim 3630, wherein the first conductor comprises stainless steel. 

20 3634. The system of c^aim 3630, wherein the first conduit comprises stainless steel. 

3635. The systern of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit. 

25 3636. Th^ system of claim 3630, further comprising a centralizer configurable to 

maintaii/a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. 



363T7. The system of claim 3630, further comprising a centralizer configurable to 
30 mafintain a location of the first conductor within the firsLQOiidwtr^hefein the centralizer 
comprises ceramic material and stairileerSteel. 
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— The system ofr lai m ^6^ 0, wh^rHn the Qj^nin^rornprisps a diameter of at least 
approximately 5 cm. ^""""^^^^ 



3639. The system of claim 3630, further comprising a lead-in conductor coupledUo the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 



(A? 



3640. The system of claim 3630, further comprising a lead-in conductor joupled to the 
10 first conductor, wherein the lea4ninsonductor comprises copper. 

3641 . The system of c^fim 3630, fiijther comprising a sliding el^fctrical connector 
coupled to the first conductor. 



n e 

c y 

itsss. 
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15 3642. The system of claim 36j6r^tntKer comprising abiding electrical connector 

coupled to the firjst coi^ductor, wherein the sliding electrical connector is further coupled 
to the first condur 

3643. The system of claim 3630, further comprising a sliding electrical connector 
20 coupled to the first conductor, wherem the sliding electrical connector is further coupled 
to the first conduit, and wherein^ne sliding electrical connector is configurable to 
complete an electrical circuh/with the first conductor and the first conduit. 



3644. The system ofclaim 3630, further comprising a second conductor disposed within 
25 the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the secona conductor, wherein at least the one sliding electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. 



30 3645^The system of clair^^ comprises a first secfiSr 

a seconasec tion, whc rgitTathickness of the first section is greater than a thickness of the 
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<S£auid-secrfon"su^^ heat radiated from the first conductortcrthe^ctioaalong the 
first section of the conduit is less than heat radiated from the first conductor to the section^ 
along the second section of the conduit. 



3646. The system of claim 3630, further comprising a fluid disposed within the fk 
conduit, wherein the fluid is configurable to maintain a pressure within the fir^fconduit 
to substantially inhibit deformation of the first conduit during use. 



a 



3647. The system^of claim 3630, further comprising a thermallyxonductive fluid 
10 disposed withixf the first conduit. 



15 




3648. TKe system of claim 3630, further comprising^ thermally conductive fluid 
disposed withj^ the first conduij/wherein the thermally conductive fluid comprises 
helium 

3649. me system of claim 3630, furth^f comprising a fluid disposed within the first 
conduit, wherein the fluid is configii^ble to substantially inhibit arcing between the first 
conductor and the first conduit dufing use. 



o 
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3650. The system of claiiai 3630, further comprising a tube disposed within the opening 
external to the first conauit, wherein the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first cotfiduit during use. 

3651 /The system of claim 3630, wherein the first conductor is further configurable to 
geirerate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



3652. The system of claim 3630, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
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formation, whergiaihs^tf^^ conductor and 

the mird conductor, and wherein the first, second, and third conductors are confTgtirable 
to operate in a 3-phase Y configuration during use. 

3653. The system of claim 3630, further comprising a second conductor deposed within 
the first conduit, wherein the second conductor is electrically coupled the first 
conductor to form an electrical-circuit. 




, further comprising a secmid conductor disposed within 
second conductor is electrically coupled to the first 



electrical circuit with a e 




3654. The system 9 
the first conduit, 
conductor to foi 



3655. The system of claim 3630, further comprising an overburden casing coupled to 
the opening,lwfierein the overburden casipg is disposed in an overburden of the 
formation. 

3656. The system of claim 3630f further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the/overburden casing comprises steel. 

3657. The system ofclaim 3630, further comprising an overburden casing coupled to 
the opening, whemn the overburden casing is disposed in an overburden of the 
formation, and/wherein the overburden casing is further disposed in cement. 



25 



3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
Rasing and the opening. 



30 \3659. The system of claim 




er comprising an overburden casing coupled to 



the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburdencaSing^ 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3660. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially/row resistance conductor is electrically coupled/to the 
first conductor. / /I / 

3661 . The system of craim 3610, further comprising ap-oVerburdeh casing coupled to 
the opening and a substantially low resistance^perfctoctor dispja^ed within the overburden 
casing, wherein the substantially low resistance conductors electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. / 

3662. The system of claim 3630, furthei/comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. / 

3663. The system of daim 3630, wherein the heated section of the formation is 
substantially pyroly^ed. 

3664. An in^itu method for heating a coal formation, comprising: 

agfflying an electrical current to a first conductor to provide heat to at least a 
portion sf the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 
/ allowing the heat to transfer from the first conductor to a section of the formation. 

j665. The method of^laim^664r^lTemn the tirst conductor comprises a pipe: 
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3666.^ 



TeTEodof claim 3664, wherein the first conductor comprisesstaiftte&§steel. 



3667. The method of claim 3664, wherein the first conduit comprises stainless steel. 

5 3668. The method of claim 3664, further comprising maintaining a location of the^first 
conductor in the first conduit with a centralizer. 



10 



3669. The methdd of claim 3p64, further comprising maintaining allocation of the first 
conductor in tne first conduit with a centralizer, wherein the c^jrfralizer comprises 
ceramic material. 



-.ft 

m 

-¥ 

z „ 

\~ 

y 
a 

S! 

P 
111 

Q 



15 



20 



3670. Tlje method 6Cclaim^6o4, further comprising maintaining a location of the first 
conducto^ in thefirst conduit with a centraljzer, wherein the centralizer comprises 
ceramic matenal and stainless steel. 

3671 . The method of claim 3604, further comprising coupling a sliding electrical 
connector to the first conductor. 

3672. The method of claim 3664, further comprising electrically coupling a sliding 
electrical connecter to the first conductor and the first conduit, wherein the first conduit 
comprises an Metrical lead configured to complete an electrical circuit with the first 
conductor. 



3673. /The method of claim 3664, further comprising coupling a sliding electrical 
25 coni}6ctor to the first conductor and the first conduit, wherein the first conduit comprises 
/electrical lead configured to complete an electrical circuit with the first conductor, and 
therein the generated heat comprises approximately 20 percent generated by the first 
f conduit. 



30 1 3674. The method of claim 3664, whereir 
>50 W/m to approxiniatelrT^50W/m. 



rd heat comprises appioximately- 
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3675 ; ___Jlie-fflctft53"of claim 3664, further comprising determiningaTempgrature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 
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5 3676. The method of claim 3664, further comprising monitoring the applied elecjtfical 
current. 

3677. The methc^fof claim 3664, further comprising monitoring a^ltage applied to the 
first conductor. 

10 

3678. The nAetko^sQf claim 36£4rfurther comprisi^monitoring a temperature in the 
conduit with at/ least one thermocouple. 

3679. The method of claim 3664, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

3680. The method of^iaim 3664, further comprising coupling an overburden casing to 
the opening, wherem the overburden casing is disposed in an overburden of the 

20 formation, and Wherein the overburden casing comprises steel. 

3681. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 



3682. The method of claim 3664, further comprising coupling an overburden casing to 
the/opening, wherein the ove rburden casing is disposed in an overburden of 
foimatioii^id'^Kerein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3683. The rnethCcfof claim 3664, further comprising coupling an overburden casin^\to 
"opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid b9*<veen 
the opening and the overburden casing with a packing material. 

3684. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is/aisposed within the 
overburden casing, and wherein the substantially low resist^fce conductor is electrically 
coupled to thev|irst conductor. 

3685. The mpthod o&daim 3664, further comprising coupling an overburden casing to 
the opening, ^herein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the si^stantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the substantially low resistance conductor 
comprises carbc 

3686. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherem the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
central izer suppor 

3687. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



368$ The method of claim 3664*-fcrtfier comprising electrically coupling a lead-in 
conditetor txj-th&-6rsTConductor, wherein the lead-in conductor comprises copper. 
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3689. The method of claim ^^^Jfehercomprising maintaittmg^sufgcient pressure 
firstconduit and the formation to substantially inhibit deformation^the 

first conduit. 

5 3690. The method of c1£htk^664, further comprising providing a thermally condj*ctive 
fluid within the first ccmduit. 



10 



3691 . The methoa of claim B664, further comprising providing a tja^rmally conductive 
fluid within the fu/st conduitj whekein the thermally conductive/fluid comprises helium. 

3692. The method of claim 3664, further comprising/inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 



3693. The method of claim 3664, further comprising removing a vapor from the 
15 opening using a perforated tube dispensed proximate to the first conduit in the opening to 
control a pressure in the opening 
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3694. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated Woe disposed proximate to the first conduit in the opening. 

3695. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit. 



25 



3696. /The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor 
with a connector. 



30 secoi 



369 7 . The method of claim 3664, wherein a second condu 



Ld conduit and a third conductor is disposes 




disposed within a 



in a third conduit, wherein the 



seconcP&pnduit and the third condujl-argmsposed in different openings of the formation, 
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wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, ana wtierein the first, second, and third conductors are configured toopesate 
in a 3-phase Y configuration. 

3698. The method of claim 3664, wherein a second conductor is disposed within th^ 
first conduit, wherein at least one sliding electrical connector is coupled to the firs 
conductor and the second cQfltmctoiv^id wherein heat generated by at least \ht one 
sliding electrical connec)6r is less than heat generated by the first conduc^r or the second 
conductor. 



3699. The method faf claim 36^4, fyherein the first^eonduit^bmprises a first section and 
a second section, wHerein a thiqkness ofthe^ir^sectioiyrs greater than a thickness of the 
second section such {that heat radiated from the first conductor to the section along the 
first section of the cdjiduit is less than heat radiated from the first conductor to the section 
along the second section of>ftie conduit. 



3700. The method of claim 3664, 
an orifice in the first conduit. 



ler comprising flowing an oxidizing fluid through 



3701 . The method of cla#h 3664, further comprising disposing a perforated tube 
proximate to the first conduit and flowing an oxidizing fluid through the perforated tube. 

3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



3703. H system configured to heat a coal formation, comprising: 

'a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the formation; 

a second conductor disposed in a second conduit, wh^in_tbe_seGeftcKrOnauit is 
disposed within a second opening injheiofmafiorv 
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a third conductor disposed in a third conduit, wherein the third conduit is disposed 
withinjjhijFd- ep ci iiiig "in ihe formation, wherein the tifstTsecorah-andJhird conductors 
are electrically coupled in a 3 -phase Y configuration, and wherein the first, secorid^nd 
third conductors are configur^d^oproviHei^at to at least a portion of the formation 
during use; and 

wherein the sWtem is configured to allow heat to transfer from the first, second, 
and third conductors^ to a selected section of the formation during use. 
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3704. The system of claim ^703, wherein the first, second, and third conduptdfs are 
further configured tVgepei'ate heat during application of an electrical gnfrent to the first 
conductor. 



3705. The system of claim 3703, wherein the firsts 
comprise a pipe. 



£cond, and third conductors 



3706. The system of claim 3703ywierein the first, second, and third conductors 
comprise stainless steel. 

3707. The system claim 3703, wherein the first, second, and third openings comprise 
20 a diameter of at/feast approximately 5 cm. 



25 



3708. Tne system of claim 3703, further comprising a first sliding electrical connector 
couple^ to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 

3709. The system of claim 3703, further comprising a first slidm&jelsetrrCaT connector 
coupled to the first conductor, wherein th^iiist-SfiSing electrical connector is further 
coupled to" 
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3 3-1 Q. Tb e^ysteRTorcImm 3703, further comprising a seconH^Mkigelectrical 
connector coupled to the second conductor, wherein the second sliding elecfriqal 
connector is further coupled to the second conduit. \ 

371 1 . The system of claim/3703>fiirther comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is^urther 
coupled to the third conduit. y 

3712. The system/of claim 3/03, Vherein each oftfie first, secorto, and third conduits 
comprises a first section and a second sfeetion^wherein a thjpfaiess of the first section is 
greater than a thickness of the second section such that>feat radiated from each of the 
first, second, and third conductors to the section alpfig the first section of each of the 
conduits is less than heat radiated from the fir^t; second, and third conductors to the 
section along the second section of each ofihe conduits. 

3713. The system of claim 3703^rurther comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. / 

3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 

3715. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits, wherein the thermally conductive 
fluia comprises helium. 

37116. The system of claim 3703, further comprising-a^hrtdmsposed within the first, 
secch^d, and third conduits, whergia4heiTuid is configured to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. 
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3717. The system of claim 3 70Vfiortha^efflpri^feg at least one tube dispos&crwit&in 
the first, secoodranttTHIr^peiiings external to the first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 
heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially,, 
inhibit deformation of the first, second, and third conduits during use. 



o 
o 



3718. The system of claim 3703, wherein the first, second, and third conductors are 
10 further configure*k6genemte radiant heat of approximately 650 W/m t9^ipproximately 
1 650 W/m #anng use. 

3719; The system ofclai^3703^arthe^ at least ^ne overburden casing 

coupled to the first second, and third openings, wherein aj/feast the one overburden 
15 dasing is disposed in an overburden of the formation. 

3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of thp^xormation, and wherein at least the one 
20 overburden casing comprises steel. 
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3721. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second,and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is fiirther disposed in cement. 



30 



3722. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at lea§tih©-rnie^verturden 
casing is disposed in an overburden of theJomtattonTand wherein a packing material is 
disposed/at a junction of atlgastifieone overburden casing and the first, second, and third 
opening^ 
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3723. The system of claim 3703, furt her comprising at le ast one overburden casing 
leTTrst, second, and third openings, wherein at least theoneTrvedjwden 

casing is disposed in an overburden of the formation, wherein a packing material is\ 
disposed at a junction of at least the one overburden casing and the first, second, and tmird 
openings, and wherein the packing material is further configured to substantially inhibit a 
flow of fluid between the first, second, and third opening and at least the one overburden 
casing during use. 

3724. The system of ^laim 3703, wherein the heated section of^tKe formation is 
substantially pyrolyzed. 

3725. A system configurable to hefct-a^ced^ormatfon, comprising: 
a first conductor ^configurable to be disjfosed in a first conduit, wherein the first 

conduit is configurable to be disposed wkHin a first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 
second conduit is configurable to^e disposed within a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to/be disposed within a third opening in the formation, wherein 
the first, second, and tmrd conductors are further configurable to be electrically coupled 
in a 3 -phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first, second, 
and third/conductors to a selected section of the formation during use. 

372p. The system of claim 3725, wherein the first, second, and tbkcfconductors are 
further configurable to generate heat during applicatioj>efan electrical current to the first 
conductor. 



3\27. The system qfplaiiTf3725, wherein the first, second, and third conductors 



comprise a pipe. 
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3728. The system-efctemT3725 ? wherein the first, second, and third conductor 
comprise stainless steel. 

5 3729. The system of claim 3725, wherein the first, second, and third openig^ comprise a 
diameter of at least approximately 5 cm. 



10 



3730. The system of ckfm 3 725, further comprising a first sliding electrical connector 
coupled to the firsUxmductor and a second sliding electrical amnector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 



in 
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3731. The 
coupled to tl 



rstem of claim 3725, further comprising a first sliding electrical connector 
first conductor, wherein the firsr sliding electrical connector is further 



coupled to the ffrstxonduit. 

3732. The system of claim 3725/further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further couplea to the second conduit. 

3733. The system efi claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to thelhird conduit. 



3734. The system of claim 3725, wherein each of the first, second, and third conduits 
25 comprises a first section and a second section, wherein a thickness of the first section^ 
greater than a thickness of the second section such that heat ra^iatecrtrom each of the 
frst, second, and third conductors to the sectiqij^aletfjfthe first section of each of the 
/conduits is less than heat radiatedjieiffthe first, second, and third conductors to the 
section along the sgpontTsection of each of the conduits. 



30 
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3735. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 

3736. The system^fclaim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 
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3737. The system of claim^25, further comprising a thermally conductive^Tuid 
10 disposed within the fir$£ second, and third conduits, wherein the therm^Hy conductive 

fluid comprises helii 

3738. The system of claim x£25 i jj« ! tfier comprising a^fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to substantially inhibit arcing 

15 between the first\second, and third conducted and the first, second, and third conduits 
during use. 

3739. The system of claim 3^25, further comprising at least one tube disposed within 
the first, second, and thkci openings external to the first, second, and third conduits, 

20 wherein at least the one tube is configurable to remove vapor produced from at least the 
heated portion oj/uie formation such that a pressure balance is maintained between the 
first, seconded third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 



25 3740. The system of claim 3725, wherein the first, second, and third conductors are 

ler configurable to generate radiant heat of approximately 650 W/m to approximate! 
'1650 W/m during use. 



3741. The system of claim 3725, further^comprising at least one overburden casing 
30\ coupled to the first, secon^^dtfilrd openings, wherein at least the one overburden 
castftg4^-drsposedin an overburden of the formation. 
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3742. The system of claim 3725, further comprising at leastdfte-Qverburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the (me 
overburden casing comprises steel. ] 

3743. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the onexwerburden 
casing is disposedia^rroxerburden of the formation, and wherein^fleast the one 
overburden casing is furtherdisposed in cement. jf 

3744. The syste^n of clamf3725, further comprising at least one overburden casing 
coupled to theiirst, second, and third opening^; wherein at least the one overburden 
casing^isdjgposed in an overburden of deformation, and wherein a packing material is 
disposed at a junction of at least thp^ne overburden casing and the first, second, and third 
openings. / 

3745. The system opclaim 3725, further comprising at least one overburden casing 
coupled to the fij^t, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed^ a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flpw of fluid between the first, second, and third opening and at least the one 
overburden casing during use. 

3746. The system of claim 3725, wherein the heated section of the formation is 



^substantially 
3747. AiT4fl 
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^ingan electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a firs/ conduit, and 
wherein the first conduit is disposed within a first opening in the fonrfation; 

applying an electrical current to a second conductor to umvide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and whereir/the seconchconduit is disposed within a s^dond opening in the formation; 

applying fan electrical current to a third corfauctor to provide heat to at least a 
portion 01 the fonnatkm, wherein the third cpfiductor is disposed in a third conduit, and 
wherein /the thim conduiTis disposed wijifin a third opening in the formation; and 

z llowing the heat to transfer^rom the first, second, and third conductors to a 
selectedvsection of the formatior 
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3748. The method of cl^im 3747, wherein the first, second, and third conductors 
comprise a pipe. 

3749. The method of claim 3747, wherein the first, second, and third conductors 
comprise stainless steel. 



IV 
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3750. Tile method of claim 3747, wherein the first, second, and third conduits comprise 
20 stainless steel. 



3751. The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 



25 /3752. The method of claim 3747, further comprising determining a temperature 
distribution in the first, second, and third conduits using an electromagnetie--si£nai 
provided to the first, second, and third conduits. 

^375-T""^^ monitoring the applied electrical 

30 current. 
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3754. The method of claim 3747, further comprising monitoring a voltage applied tbsjhe 
first, second, and third conductors. 

3755. The method of claim 3747, further comprising monitoring a temperature in th§ 
5 first, second, and third conduits with at least one thermocouple. 

3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially in^Bit deform^ion of the first, secopd^and third conduits. 
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3757. The method of claim 3747, further comprising providing a thermally conductive 
fluid within t(he first, second, and third conduits. 



3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits, wherein the thermally conductive fluid 
comprises helium. 



20 



3759. The method of claim3 ; 747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 



3760. The method of claim 3747, further comprising removing a vapor from the first, 
second, and^third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
25 pressure4n the first, second, and third openings. 
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376'! . The method of claim 3747, wherein the first, se&onttTand third conduits comprise 
ayfirst section and a second section, wher^in^flTickness of the first section is greater than 

thickness of the second sectipn-Such that heat radiated from the first, second, and third 
^conductors to the septktffalong the first section of the first, second, and third conduits is 
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less than heat radiated from the first, secoadrancrthird conductdTs^te4h^section along the 
second section of thejl^strsecond, and third conduits. 

3762. The method of claim 3747, further comprising flowing an oxidizing fluic^through 
5 an orifice in the first, second, and third conduits. 



3763. The method^pf^laim3747, further comprising heating at least t}*e portion of the 
formation to sub&arftiMty pyrolyze at least some of the carbon witbin the formation. 
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10 3764. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a conduit, whereija / the conduit is disposed within an 
opening fn the formation; and 

avsecpfid conductor disposed in the copduit, wherein the second conductor is 
electrically coupled to the first conductor^With a connector, and wherein the first and 
15 second conductors are configured to provide heat to at least a portion of the formation 
during use; and 

wherein the system is configured to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

20 3765. The system or zlaim 3764, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 



25 



3766. The System of claim 3764, wherein the first and second conductors comprise a 
pipe. 

3767/ The system of claim 3764, wherein the first and secpacTconductors comprise 
stainless steel. 

768. The system of claim 376fl<wierein the conduit comprises stainless steel. 
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3 769 .The system of claim3^647linther comprising a centralizer cdfofigured to maintain 
ocation ofthe-45fsfand second conductors within the conduit. ] 



3770. The system of claim 3764, further comprising a centralizej^configured to maintain 
a location of the first and second conductors within the conduct; wherein the centralizer 
comprises ceramic material. 



3771 . The system of claiqi3764^jFtlier comprising a centralizer configured to maintain 
a location of the first and second conductors^vithin the conduit, wherein the centralizer 
comprises ceramic material and stainle^steel. 

3772. The system of claim 376^; wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3773. The system of^laim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3774. The system of claim 3764, further comprising a lead-in conductor coupled to the 
first and/second conductors, wherein the lead-in conductor comprises copper. 



377^. The system of claim 3764, wherein the conduit comprises a first section and a 
seobnd section, wherein a thickness of the first section is greater than a thickness of thg 
cond section such that heat radiated from the first conductor to the secti^n-aftSng the 
first section of the conduit is less than heat radiated from the jifsTconductor to the section 
albng the second section of the conduit. 





3776. "The^sl£mjrfeteTff^ further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 
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3777. The system of claim 3764, further comprising a thermally conductive flun 
disposed within the conduit. 



ill 



3778. The system of claim 3764, further comprising a thermally conductive fluid 
5 disposed within the conduit, wherein the thermally conductive fluid comprises helium., 
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3779. Thesyste: 
wherein the fl 
conductors an< 




flirthej^omprising a fluid disposed wijhili the conduit, 
stantially inhibit arcing between the first and second 
ng use. 



3780. The system-of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube ^configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the op^mng to substantially inhibit deformation of the conduit 
during use. 

3781. The system of claim 3764, wherein the first and second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during u^e. 

3782. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 3783. The system of claim 3764, further comprising an overburden casing coupled to 
;he opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5784. The system of claim 3764, further comprising anoygjiufdeTrcas^ coupled to 
30 the opening, wherein the overburden casingj^disposed in an overburden of the 
formaffen^and whereinJJie-evefBi^d casing is further disposed in cement. 
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3785. The system of claim 3764, further comprising an overburden casing 
the opening, wherein the overburden casing is disposed in an overburden of me 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3786. The systefn of claim 3764, further/comprising an overburden/casing coupled to 
the opening/wherein thp overburden ^sing is disposed in an overburden of the 
formation/ wherein a p&fcking material is disposed at a junction of the overburden casing 
and the Opening, and whetetrfthe packing material is fiirther configured to substantially 
inhibit a flow of fluid between the opening and the'overburden casing during use. 



The system of claim 3764, wherpm the heated section of the formation is 
atially py/olyzed. 



3788. A system configurate to heat a coal formation, comprising: 

a first conduct<wconfigurable to be disposed in a conduit, wherein the conduit is 
configurable to be disposed within an opening in the formation; and 

a second/conductor configurable to be disposed in the conduit, wherein the second 
conductor is^nfigurable to be electrically coupled to the first conductor with a 
connector/ and wherein the first and second conductors are further configurable to 
provic^e heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

3789. The system of claim 3788, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first ceilauctor. 



3790. The system of claim 3788, wherein the fh^t-tfnd second conductors comprise a 
)ipe. 
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^wherein the first and second conductors^spmprise 



3792. The system of claim 3788, wherein the conduit comprises stainless steel. 

3793. The system of claim 3788, further comprising a centralizpr configurable to 
maintain a location of the first and second conductors within/fne conduit. 

3794. The syst^rTof ctaim 3788, further comprising a centralizer configurable to 
maintain a lo^tion of theprst and second condyittors within the conduit, wherein the 
centralizer comprises ceramic material. 

3795. Tne system of claim 3788, further comprising a centralizer configurable to 
maintainla laeiation of the first aruJ^econd conductors within the conduit, wherein the 
centralizer comprises ceramicinaterial and stainless steel. 

3796. The system of cl^im 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3797. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and secom conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

3798. /The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 



3799. The system of claim 3788, wherein the conduit comprises a first sectj9Ji*#rrci a 
sjecond section, wherein a thickness of the first section is greatej^dmff^thickness of the 
Second section such that heat radiated from the fijst<t5nciuctor to the section along the 
first section of the conduit is lessth^n-hgaF radiated from the first conductor to the section 
amng the second sectjoft-ofthe conduit. 
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JThs^systenr^fclaim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 



3801 . The system of claim 3788, further comprising a thermally conductive 
disposed within the conduit. 



fluic 



3802. The systemfof claim 3788\furth^i^omprising a thermally conjiuctive fluid 
10 disposed within the conduit, whej^m the thermally conductive fluiu comprises helium. 
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3803. The system ofixlaim 3788, further comprising ^fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors And the conduit during use. 



3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the/tube is configurable to remove vapor produced from 
at least the heated portion of ^'formation such that a pressure balance is maintained 
between the conduit and the/opening to substantially inhibit deformation of the conduit 
20 during use. 



25 



3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to'generate radiant heat of approximately 650 W/m to approximately 1650 
W/m duringoise. 

3806. /The system of claim 3788, further comprising an oyefbtfrcien casing coupled to 
the Opening, wherein the overburden casing isjiisptfsed in an overburden of the 
formation. 
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3807. The svstein-efctan5r3788, further comprising an overburden casing coupled to 
"opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing comprises steel. 

3808. The system of claim 3788, further comprising an overburden casing coupled tc 
the opening, wherein the overburden casing is disposed in an overburden of th^ 
formation, and wherdiftheov^ri)urden casing is further disposed in cemj 



3809. The system of claim 3788, further comprising an overburden casing coupled to 
10 the opening, wherein the^v^bur^n^^ is disposed/in an overburden of the 

formation, and wherein a packing material is disp^ed at a junction of the overburden 
casing andpe opening. 

3810. TheXsystenybf claim 3788, fu#fier comprising an overburden casing coupled to 
15 the opening, wherein the overbujxlen casing is disposed in an overburden of the 

formation, wherein a packingrnaterial is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid/between the opening and the overburden casing during use. 

20 3811. The system of claim 3788, wherein the heated section of the formation is 
substantially jfyrolyzed. 
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3812. in situ method for heating a coal formation, comprising: 

/Applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within an opening in the formatiop^atfici wherein 
at /east the two conductors are electrically coupled with a connecjorfand 

allowing heat to transfer from at least the two cpiKftlctors to a selected section of 
tlhe formation. 




381 jKThe method of claim^5l2, wherein at least the two conductors comprise a pipe. 
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3&lAr"The method of claim 3812, wherein at least the two conductors comprise stainlesj 
steel. 

5 3815. The method of claim 3812, wherein the conduit comprises stainless steel. 

3816. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralizer. 

10 3817. The method of claim 3812/ further comprising maintaining a location of at least 
the two conductors in the conduce with a centralizer, wherein the centralizer comprises 
ceramic mater 



20 



3818. The 



V 15 the two cor d 



method of claim 3812; further comprising maintaining a location of at least 



ctors in the conduit with a centralizer, wherein the centralizer comprises 



U 

ceramic material and stainless steel. 

3819. The method offclaim 3812, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3820. The method of claim 3812, further comprising determining a temperature 
distribution/in the conduit using an electromagnetic signal provided to the conduit. 



3821. /The method of claim 3812, further comprising monitoring the applied electrical 
25 curreiit. 

3J822. The method of claim 3812, further comprising monitoring a voltage applied toat^ 
least the two conductors. 



30 \ 3823. The method of cl^im^8T2, further comprising monitoring a temperature in the 
iduit with^UeSst one thermocouple. 



760 



Conley, Rose & Tayon, P C. 



method of claim 3812, further comprising coupling an overburden casiijg^o 
the opening, wherein the overburden casing is disposed in an overburden of tt 
formation. 

3825. The method of claim 3812, further comprising coupling^an overburden casing to 
the opening, wherein the overburden casing is disposed irv^n overburden of the 
formation, and wherein the overburden casing comprises steel. 



Q 
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10 3826. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden easiness disposed in an overburden of the 
formation, arld~wK^ein the overbidden jzasing is further disposed in cement. 

3827. /The methj6ch&fttfaim 3812yfurther comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, ama wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3828. The method o&claim 3812, further comprising coupling an overburden casing to 
20 the opening, whereiri the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and/the overburden casing with a packing material. 



3829. The method of claim 3812, further comprising maintaining a sufficient pressure 
25 between tHe conduit and the formation to substantially inhibit deformation of the conduit. 

3830. /The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit. 



30 383 1. The method of claim 1842flurther comprising providing a thermally conductive 
fluid wifeinJJie-condurt, wherein the thermally conductive fluid comprises helium. 
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3832. The metnoa ot claim 3^12, further comprising inhibiting arcing between at j^&st 
the two conductors and the conduit with a fluid disposed within the conduit. 



3833. The method of claim 3812, further comprising removing a vajror from the 
opening using a perforated tube disposed proximate to the condyif in the opening to 
control a pressure in the opening. 
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3834. The methoa of ckim 3812, further comprising flowing a corrosion inhibiting fluid 



10 through a perforated tub 



^disposed proximate to the conduit in the opening. 



3835. The metho\i of cl aim 3812, wherein^ne conduit comprises a first section and a 

a thickness of the first section is greater than a thickness of the 

second section such that heat radiated/from the first conductor to the section along the 
first section of the conduit is less man heat radiated from the first conductor to the section 
along the second section of the conduit. 

3836. The method of claijn 3812, further comprising flowing an oxidizing fluid through 
an orifice in the conduit/ 

3837. The method^of claim 3812, further comprising disposing a perforated tube 
proximate to theyconduit and flowing an oxidizing fluid through the perforated tube. 



3838. The method of claim 3812, further comprising heating at least the portion of the 
25 formation/to substantially pyrolyze at least some of the carbon within the formation. 
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3839./ A system configured to heat a coal formation, comprising: 

at least one conductor disposed in a conduit, wherein the conduit is disposed 
w/thin an opening in the fomiatioa^ajid^wherei at least the one conductor is configured 
toVprovide heaHcrSfleast a first portion of the formation during use; 
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at least one^slidifle-eonil^cfbr, wherein at least the one sliding^nnneetCLr is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
sliding connector is substantially less than the heat provided by at least the one^xmductor 
during use; and 

wherein the system is configured to allow heat to transfer frou^at least the one 
conducjdr to a section of the formation during use. 



3840. The sy; 



configured to 
donductor. 



generate heat during application ofan electrical current to at least the one 



em of claim 3839, wherein^t least the^one conductor is further 



3841. The syste] 




3839, wherein at least the one conductor comprises a pipe. 



15 3842. The system of claim ^839, wherein at least the one conductor comprises stainless 
steel. 

3843. The system of claim 3839, wherein the conduit comprises stainless steel. 

20 3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of/at least the one conductor within the conduit. 



3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a locanon of at least the one conductor within the conduit, wherein the centralizer 
25 comprises ceramic material. 



$846. The system of claim 3839, further comprising a centralizer configured: 
a location of at least the one conductor within the conduii^whereffi~the centralizer 
comprises ceramic material andjlaittlesS"steel. 



Intain 
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3847. ^J 3^^yyrrenTnf claim 3839, wherein the opening comprises a diameter of at 
approximately 5 cm. 



least 



3848. The system of claim 3839, further comprising a lead-in conductoj>£oupled to at 
least the one conductor, wherein the lead-in conductor comprises a J#\v resistance 
conductor configured to generate substantially no heat. 
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3849. The system of Aaim 3^39, further comprising^ lead-in conductor coupled to at 
least the one c^nductol wherem the lead-i^on^itictor comprises copper. 

3850. The system oi/<\laim 3839,yhereH the conduit comprises a first section and a 
second sectioh, whei/ein a^tfekichess of the first section is greater than a thickness of the 
second sectioi\sucl/that heat radiated from the first conductor to the section along the 
first section of tfie conduit is le^ than heat radiated from the first conductor to the section 
along the second section of the conduit. 



Si 
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385 1 . The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

3852. The s/stem of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. 



3853. TThe system of claim 3839, further comprising a thermally conductive fluid 

25 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3854. The system of claim 3839, further comprising a fluid disposed within the conduit, 
lerein the fluid is configured to substantially inhibit arcing^etween-at-teast tne one 

ionductor and the conduit during use. 



30 



Conley, Rose & Tayon, P C. 



3855. The SYSt£m-eft^3mT3839, further comprising a tube disposed within the opening] 
external to the conduit, wherein the tube is configured to remove vapor produced from 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the cpnduit 
during use. 

3856. The system of claim 3839, wherein at least the one conductoj^s further 
configured to generate i^dianH^eat of approximately 650 W/m ^approximately 1650 
W/m during use. 
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3857. The system of claim 3' 
the opening, whereii\ the overl 
formation. 



39,\further comprising an overburden casing coupled to 
urden casing is^fi^posed in an overburden of the 



15 3858. The system of claim 3839, fupfner comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3859. The system of claim 3839, further comprising an overburden casing coupled to 
20 the opening, wherein/the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 



3860. The svstem of claim 3839, further comprising an overburden casing coupled to 
the opening/wherein the overburden casing is disposed in an overburden of the 
formation/and wherein a packing material is disposed at a junction of the overburden 
casing ana the opening. 
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3861. [The system of claim 3839, further comprising an overbupdeircasing coupled to 
the opening, wherein the overburden casing is disposetTm an overburden of the 
formation, wherein a packing materi^L4s^isposed at a junction of the overburden casing 
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and the opening, andwhei£iii4h^^ is further configuredto^nbstaritially 

i nhibit a^ To\voffluid between the opening and the overburden casing during use. 



3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overbunJ^n 
casing, wherein the substantially low resistance conductor is electrically coupled^to at 
least the one conductor. 



3863. The system of cl^rfrT3839, further comprising an overburcfefl'casing coupled to 
10 the opening and a sul5stantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance^ conductojxis electrically coupled to at 
least the one conductoil and wherein the stfostantiall^/low resistance conductor comprises 
carbon steel. 

15 3864. The system of claim 3839, further,eomprising an overburden casing coupled to 
the opening aljd a substantially low resistance conductor disposed within the overburden 
casing and a ceittrmizer configure^io support the substantially low resistance conductor 
within the overburden casing. 



i e 



20 3865. The system of claim 3839, wherein the heated section of the formation is 
substantially pyrolyzed. 
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3866. A system/configurable to heat a coal formation, comprising: 

at least/one conductor configurable to be disposed in a conduit, wherein the 
conduit is configurable to be disposed within an opening in the formation, and wherein at 
least the oiie conductor is further configurable to provide heat to at least a first portion of 
the formation during use; 

least one sliding connector, wherein at least the one sliding connector is 



/at 



confi 



;urable to be coupled to at least the one conductor, wherein at^ 



le one sliding 



30 connector is further configurable to provide heat dt 



Isefand wherein heat provided 



766 



Conley, Rose & Tayon, P.C. 



j3y_2ileast"tKel)ne sliding connector is substantially less than theTi5at^ovided by at least 
the one conductor during use; and 

wherein the system is configurable to allow heat to transfer from at leasf\the one 
conductor to a section of the formation during use. 



3867. The system of claim 3866, wherein at least the one conductor is £mher 

\ . . 

configurate to generate heat during application of^an electrical current to at least the one 
conductor. 

10 3868. I The system of claim 3866, wherein at least the one conductor comprises a pipe. 
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3869. K]ie system of claim 3866, wherei^at least the one conductor comprises stainless 
steel. 

15 3870. The system of claim 3866, wherein the conduit comprises stainless steel. 

3871 . The system of claim 3866, further comprising a centralizer configurable to 
maintain a location^! at least the one conductor within the conduit. 

20 3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain avocation of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material. 



387j. The system of claim 3866, further comprising a centralizer configurable to 
25 maintain a location of at least the one conductor within the conduit, wherein the 
/ centralizer comprises ceramic material and stainless steel. 



30 



3874. The system of claim 3866, wherein the opening comprisesajiig 
approximately 5 cm. 
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3875._ Tha^y&tem-rrFcIaun^ further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 



3876. The system of claim 3866, further comprising a lead-in conductor coupled to 
least the one conductor, wherein the lead-in conductor comprises copper. 



3877. The system of clainr586^, wherein the conduit comprises a first s^dtion and a 
second section, whei^m a thicknes^yof the first section i^gfeater than^thickness of the 
second section suioi that heat radiated from the first conductor tc^fcne section along the 
first section of trie conduit is/ess than heat radiated from the JBrst conductor to the section 



along the second section of/ 



le conduit. 



3878. The system of claim ^§66^filrther comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain ^pressure within the conduit to substantially 
inhibit deformktioiL0f the conduit during i 



3879. The system of claim 3866, farther comprising a thermally conductive fluid 
disposed within the conduit. 

3880. The system of clabn 3866, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3881. The system of claim 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between at least the one 
conductor ana the conduit during use. 



3882. The system of claim 3866, further comprising a tube disposed within the opening 
external iro the conduit, wherein the tube is configurable to remove vaporproduee3from 
at least tne heated portion of the formation such thatajiressufel^alance is maintained 
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veen the conduit and the opening to substantially inhibit deformation of the cone 
during use. 
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3883. The system of claim 3866, wherein at least the one conductor is furtj; 
configurable to generate radiant heat of approximately 650 W/m to a{)proximately 1650 
W/m during use. 




3884. The system i 
the opening, wherein t^ 
formation. 



3866, further comprising an^verburden casing coupled to 
overburden casing is disposed in an overburden of the 



3885. Tlie systeiyf of claim 3S5T>Tf^he^ comprising an overburden casing coupled to 
the openingr\vfrerein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburaen casing comprises steel. 

3886. The system of claim/3866, further comprising an overburden casing coupled to 
the opening, wherein th^overburden casing is disposed in an overburden of the 
formation, and wherem the overburden casing is further disposed in cement. 

3887. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, xvherein the overburden casing is disposed in an overburden of the 
formation, /and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



25 3888/ The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junctionofUie-overtruraen casing 
and the opening, and wherein the packing matgiiaHs^urther configurable to substantially 
inhibit a flow of fluid between-the^pening and the overburden casing during use. 
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system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 

3890. The system of claim 3866, further comprising anp^erburden casing coupled to 
the opening and a substantially low resistance condpdtor disposed within the overburden 
casing, wherein the A substantially low resistancp^conductor is electrically coupled to at 
least tlje one conductor, and wherein th^spbstantially low resistance conductor comprises 
carboii steel. 

3891 . The system of claim 3&So, further comprising an overburden casing coupled to 
the op^nipg and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden/casing. 

3892. The system of claim 3866, wherein the heated section of the formation is 
substantially nyrolyzed. 

3893. Anf in situ method for heating a coal formation, comprising: 

supplying an electrical current to at least one conductor and at least one sliding 
connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
provided by at least the one sliding connector; and 

/ allowing the heat to transfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 



3894. The method of claim 3893, wherein at least t he one conductor compr ises a pipe. 
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3895. Thejjaetherd"oFaaim 3893, wherein at least the one conductor comprrses^stainless 
steei. 

3896. The method of claim 3893, wherein the conduit comprises stainless steel. 

3897. The method of claim 3893, further comprising maintaining a locatjen of at least 
the one conductor j^fthTcondui^ a centralizer 
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3898. The method of claim 3893, further comprising maintaining a location of at least 
10 the one conductor in the conduit with a cenjrafizer, wj^rein the centralizer comprises 

ceramic material. 

3899. TheNqetho^f claim 3893, fiirthei / comprising maintaining a location of at least 
the one conductor in the conduit witha centralizer, wherein the centralizer comprises 

15 ceramic material and stainless steel: 

3900. The method of claipi 3893, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 



20 3901 . The methocr of claim 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3902. The/method of claim 3893, further comprising monitoring the applied electrical 
current. 



25 



3903. / The method of claim 3893, further comprising monitoring a voltage applied to at 
leastAhe one conductor. 



3904. The method of claim 3893, further comprising monitoiing^temperature"in"the~ 
30 conduit with at least one thermocouple. 
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J^The method of claim 3893 ? further comprising coupling an overburderiscasing to 
the opening, wherein the overburden casing is disposed in an overburden of thej 
formation. 

3906. The method j&fclaim 3893, further comprising coupling ap/dverburden casing to 
the opening, wherein the overburden casing is deposed in ajroverburden of the 
formation, and wherein the overburden caskig comprises steel. 

3907. Tl/e met^d of claim 3893/further gofnprising coupling an overburden casing to 
10 the openifng, wherein tfte-o^er^urden c^ng is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 
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3908. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein tfte'overburden casing is disposed in an overburden of the 
15 formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3909. The'method of claim 3 893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
20 formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



39/1 0. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
25 overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 
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[391 1 . The method of claim 3893, further comprising coupling an oyerh 

e opening, wherein a substantially low resistance^ 
overburden casing, wherein the substanji 



ngrto- 

ior is disposed within the 
ow resistance conductor is electrically 
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CQjupteci to at le_ast4be-OFTT^conductor ? and wherein the substantiaflyTowTestst 
conductor comprises carbon steel. 



10 



3912. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrical] 
coupled to at least the one conductor, and wherein the method further comprises 
maintaining a^cation of the substantially low resistance conductor in jhe overburden 
casing witn a centralizer support. 




3913/ The methpd d£ claim further comprising electrically coupling a lead-in 
conductor to at/feast the one conductor, wherein thp^ead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



15 3914. The method of claim 3893, further comprising electrically coupling a lead-in 

conductor to at least the one conductor,, wherein the lead-in conductor comprises copper. 



a 



3915. The method of clahn 3893, further comprising maintaining a sufficient pressure 
between the conduit anp the formation to substantially inhibit deformation of the conduit. 

20 

3916. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit. 

3917. Tm method of claim 3893, further comprising providing a thermally conductive 
25 fluid within the conduit, wherein the thermally conductive fluid comprises helium. 



391 9. The method of claim 3893, further comprising inhibiting arcing-between-the- 
concluctor and the conduit with a fluid dispqsgd^witfimtiie conduit. 



Conley, Rose & Tayon, P.C. 



3919: — Th€"method of claim 3893, further comprising removing a vaporiremjhe 
opening using a perforated tube disposed proximate to the conduit in the opening t<T 
control a pressure in the opening. 

5 3920. The method of claim 3893, further comprising flowing a corrosion inhibijifig fluid 
through a perforateii^ibe^iSposed proximate to the conduit in the opening. 



10 



3921 . The method of claim 389 3|, further comprising flowing ; 
an orific^ in the conduit. 



Jxidizing fluid through 



3922. The method of claim 3893, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidising fluid through the perforated tube. 

3923. The method of claim 3893, farther comprising heating at least the portion of the 
15 formation to substantially pyroly^e at least some of the carbon within the formation. 
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3924. A system configured to heat a coal formation, comprising: 

at least one elmigated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 

portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the one 

elongatea member to a section of the formation during use. 



3926. The system of claim 3924, wherein at least the one elongated member comprises 
25 stainless steel. 



30 



3 926r^Fhe ^system ofii Laim-^9£4Tvrherein at leasrfe~Tme^tengated^nemb^ 
configured to generate heat during application of an electrical current to at least the^one 
elongated member. 
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3 927. ^J hojyBtJ^B^ further comprising a~supptrrt^^^ to at 

least the one elongated member, wherein the support member is configured t^s^pport at 
least the one elongated member. 



3928. The system of claim 3924, further comprising a support memj>er ;oupled to at 
least the one elongated-member, wherein the support memberis^onfigured to support at 
least the one elongated member, and wherein the support<member comprises openings. 
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3929. The/system of cmim 3924, further comftfising a support member coupled to at 

10 least the one elongated member, whefein liie support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at least the one elongated member during use. 

15 

3930. The system of claim 3924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length ofat least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 

20 elongated member during use. 
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393 1. Jhe system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
theyone elongated member. 



3932. The systemofiJmffl^9247further comprising a centralizer coupled to at least the 

igated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 
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3"933^ — The-systemof claim 3924, wherein the opening compiis? 
approximately 5 cm. 



leter of at least 



3934. The system of claim 3924, further comprising a lead-in conductor-coupled to ; 
least the one elongated member, wherein the lead-in conductor comprises a lo\\^< 
resistance conductor^onfigured to generate substantially no heat. 
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3935. Th^system of claim 3924, farther comprising a lead-mxonductor coupled to at 
least throne elongated membp*'; wherein the lead-in con^Kictor comprises a rubber 
insulated conductor. 



IB 



3956^The system of claim 3924, further cmnprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



! 5 1 



15 3937. The system of claim 3#24, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 



20 



3938. The systenyof claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



3939. The system of claim 3924, wherein at least the one elongated member is arranged 
in a series electrical configuration. 

25 3940. The system of claim 3924, wherein at least the one elongated member is arranged 
irya parallel electrical configuration. 
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J 941 . The system of claim 3924, wherein at least the one elongated member is 



configured to generate radiant heat of appro2dn^iy'650W/m to approximately 1650 
W/m during use. 
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3942T~T he system uf claim 3924, fuithei tuuip i i^ii t g -a4aerfbrated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening cmt^ng 
use. 

3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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10 3944. T#ie system of cl^i m 3924, further comprisingan-overbm^efi casing coupled to 
the opening, wherein me rverburden casing is disposed in arj^verburden of the 
formqltion, and whepein th^overburdenpa£mg comprises'steel. 



3945.\The sygiem of claim 3924, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3946. The system of claim ^24, further comprising an overburden casing coupled to 
the opening, wherein the^verburden casing is disposed in an overburden of the 
20 formation, and wherein/a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening; wherein the overburden casing is disposed in an overburden of the 
formation^ wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 




39487~T hc s ystem oi claim 3924, f urther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and theopei^kig7 - afi3^herein the packing material is fuitherconflgtjfedjosubstantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3949. The system of claim 3924, wherein the heated section of the formation is 
5 substantially pyrolyzed. 
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^le to heat a coal formation, comprising: 
Elongated member configurable to be disposed withir 



3950. A system con| 
at least oi)e eiongatea ^lemoer connguraoie to De aisposea witnin^an opening in 

the formation, ^herein at le^st the one elongated member is furthei>e6nfigurable to 
10 provide heat t6 at least a poftioi of the formation during use; aricl 

wher (in the system iX^figurable^allow heapd^ansfer from at least the one 
elongated member to a section ofthe-fbfmation durkig use. 

395 1 . The systfcqiof d^im 3950, whereip'at least the one elongated member comprises 
15 stainless steel. 



3952. The system of claim / 3'950, wherein at least the one elongated member is further 
configurable to generat^iteat during application of an electrical current to at least the one 
elongated member. 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the ojtfe elongated member, wherein the support member is configurable to support 
at leastme one elongated member. 



25 3964. The system of claim 3950, further comprising a support member coupled to at 
j^east the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 



y3955. The system of claim 3950, further comprising-ar9tipp5^ coupled to at 

30 le&^tthe one elongated jnenabeFrwfiei^ the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings, 
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< wh^inj hej^^ to flow a fluid aTong-^4^ngth^ofat least the one 

elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during" 
use. 



3956. The system of claim 3950, further comprising a tube disposed in the opening/ 
wherein the tube comprises openings, wherein the openings are configurable to^low a 
fluid along a lengtirofarte^t the one elongated member during use, and wtferein the 
fluid is configurable to substantially inhibit carbon deposition on or pj#ximate to at least 
the one el()ngated member during use. 

3957. Tfhe system of cKaim ^50, further comprising a oetfitralizer coupled to at least the 
one elorfgated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer i^configurable to maintain a location of at least the one 
elongated member on the support member. 

3959. The system of cl^im 3950, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3960. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one,elongated member, wherein the lead-in conductor comprises a low 
resistance/conductor configurable to generate substantially no heat. 



3961/ The system of claim 3950, further comprising a lead-in conductor^oupled to at- 
least the one elongated member, whereinjh£iead^irrc^ comprises a rubber 

insulated conductor. 
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^_^39^3r^THesystem of claim 3950, further comprising a lead-In^ondiictet^upled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wirer- 



3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
5 least the one elongated member with a cold pin transition conductor. 
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3964. The system^dfclahn 3950, further comprising a lead-in conductor coupled to at 



least the one elongated member with a colcTpin transition conductor, wj^rein the cold pin 



transition conductor ci 



mprises a substantially low resistance insu&fed conductor. 



3965. /The system/of claim 39#Q, wherein at least thej 
in a series electrical configuration. 



le elongated member is arranged 



3966. The system of claim 3950, whererpt'at least the one elongated member is arranged 
15 in a parallel electrical configuration. 
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3967. The system of claim 3^50, wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 



3968. The systein of claim 3950, further comprising a perforated tube disposed in the 
opening extem&l to at least the one elongated member, wherein the perforated tube is 
configurabje to remove vapor from the opening to control a pressure in the opening 
during use. 

390. The system of claim 3950, further comprising an overhiuderrrasmg coupled to 
t^e opening, wherein the overburden^casingTS^isposed in an overburden of the 
lation. 
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3970. The systeinjof-^^ coupled to 

le opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3971 . The system of claim 3950, further comprising an overburden casing aefupled to 
the opening, wherein the overburden casing is disposed in an overburden/of the 
formation, and wherein the overburden casing is further disposed irreement. 



3972. The system of c^aip 395p, furtl>ef comprising an overburden casing coupled to 
10 the opening,/Wherein the o^&chuFd€n casing is disposejHn an overburden of the 

formation, And wherein a packing material is dispp^ed at a junction of the overburden 
casing and ihe opemng. 
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3973. The system of claim 3950, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing/naterial is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wjtferein a packing material is disposed at a junction of the overburden casing 
and the onaiing, and wherein the packing material is further configurable to substantially 
inhibit /flow of fluid between the opening and the overburden casing during use. 



25 39^5. The system of claim 3950, wherein the heated section of the formation is 
substantially pyrolyzed. 



30 



\976. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least oneelimgetteaTnember to provide heat to 
at le^t a portion of the fonnation^j^fd^r^A^eiSt the one elongated member is disposed 
within an ope ning uf theTonxiation; and 
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allo^dftgileafto transfer from at least the one elongated member to a sectitm^Qf 
the formation. 

3977. The method of claim 3976, wherein at least the one elongated member comprises 
5 a metal strip. 



.C 15 
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3978. The method/of claim 397^, wherein at least the one elongated mpmber comprises 
a metal rod. 



10 3979. The method of c)aim 3976, wherein at least the or^elongated member comprises 
stainless steell 

3980. The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member. 



398 1 . The method of claim 3970; further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises a tube. 

20 3982. The method/of claim 3976, further comprising electrically isolating at least the 
one elongated member with a centralizer. 
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3983. TheT method of claim 3976, further comprising laterally spacing at least the one 
elongated member with a centralizer. 

3984. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in a series configuration. 



$985. The methoAjof-efeun'3976, further comprising electrically coupling at least the 
30 one elongated member in a parallel configuration. 



Conley, Rose & Tayon, P.C. 



3 986. Thej aelhod-^f^faim 16, wherein the proVK 
650 W/m to approximately 1650 W/m. 



^gonaprises approximately 



3987. The method of claim 3976, further comprising determining a temperature 
5 distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 
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3988. The method of claim ^9/6, furttfe^ comprising monitoring the applied electrij 
current. 

3989. The method of/claim 3976, further comprising monitoring ^oltage applied to at 
least the one elongated member. 

3990. The method of claim 3976, further comprismg monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 




3991 . The method of claim 3976, farther comprising supporting at least the one 
elongated member on a center suffport member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 
the openings to substantially inhibit carbon deposition proximate to or on at least the one 
elongated member. 
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3992. The method of claim 3976, farther comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 
carbon deposition proximate to or on at least the one elongated member. 



3993. \The method of claim 3 




comprising flowing an oxidizing fluid through 



an opening in at least the one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 
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^^JSBAr^fhSJno^od of claim 3976, further comprisingelectricaJ^ a lead-in 

conductor to at least the one elongated member, wherein the lead-in conductor^ompnses 
a low resistance conductor configured to generate substantially no heat. 



5 3995. The method of claim 3976, further comprising electrically coupling a tead-in 
conductor to at least the one elongated member using a cold pin transitionxxmductor. 



in 



3996. The method pi claim 397& further comprising electricall^oupling a lead-in 
conductor to at le/st the one elong^ed member using a cold ni6 transition conductor, 

10 wherein the coltf pin transition ybi^ductor comprises a substantially low resistance 
insulated conductor. 

3997. The method of d#im 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing js disposed in an overburden of the 

15 formation. 

3998. The method of claim 3976 i/ ^lirther comprising coupling an overburden casing to 
the opening, wherein the overtuifden casing comprises steel. 

20 3999. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein tne overburden casing is disposed in cement. 
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4000. The metjiod of claim 3976, further comprising coupling an overburden casing to 
the opening,ywherein a packing material is disposed at a junction of the overburden 
casing anjj the opening. 



30 



400/ . The method of claim 3976, further comprising coupling an overburden casing to 

opening, wherein a packing material is disposed at a junction of the overburden 

ising and the opening, and wherein the methocUiiJ^herx^ inhibiting a flow of 

flubekbetween th^i^ieniftg-anaTEroverburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially p^glyzg^Ue a s t some of th e c arbon w ithin the formation. 



4003. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least; 

portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed within the opening, wherein the conduit is cefhfigured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is^elected tb substantially inhibit^arbon deposition on or 
proximate to at least the oryt elongated member during u^; and 

to allow he^x to transfer from at least the one 
lation #Unng use. 



wherein the system is configured 
elongated member to a sectionof the 



4004. The system of claim 4003, wherpm at least the one elongated member comprises 
stainless steel. 

4005. The system of claim 4003, wherein at least the one elongated member is further 
configured to generate h^t during application of an electrical current to at least the one 
elongated member. 

4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the condtfit, wherein the conduit is further configured to support at least the one 
elongate/ member. 



400/. The system of claim 4003, wherein at least the one elongaled-mefnber is coupled 
to /he conduit, wherein the conduit is furthp^enflfiired to support at least the one 
elongated member, ani^&ereirTthe conduit comprises openings. 
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4008. The system of claim 4003, further comp rising a centralizer coupled to at least the 
one<^£agatedTnember and the conduit, wherein the centralizerTTcenfigured to 
electrically isolate at least the one elongated member from the conduit. 

5 4009. The system of claim 4003, further comprising a centralizer coupled to at least thi 
one elongated member and the conduit, wherein the centralizer is configured to main^fln 
a location of at least the one elongated member on the conduit. 

4010. The system of claim 4003, wherein the opening comprises a diap^ter of at least 
10 approximately, 

401 1 . TMe system of claim 4003, further comprising a tedd-in conductor coupled to at 
least tiWone elongated member, wherein the lead-ia^onductor comprises a low 
resistance conductor configured to generate substantially no heat. 

15 

4012. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wjierein the lead-in conductor comprises a rubber 
insulated conductor. 

20 40 1 3 . The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4014. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one/longated member with a cold pin transition conductor. 
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4015. T/ne system of claim 4003, further comprising a lead-in conductor coupled to at 
least thi one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



30 40 1 6. The syst em of claim 4003, whe rein at least ihe one elongated member isarranged 
in a series electrical configuration. 
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4017. *"-The"*system of claim 4003, wherein at least the one elongaferfsi\ember is arranged 
in a parallel electrical configuration. 

401 8. The system of claim 4003, wherein at least the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 
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AQ\9/ The system of claim 4003, further comprising a perforated tube disposed in the 
10 opening e^efqal to at least the one elongated member/wherein the perforated tube is 
c0ntigurefd to remove vapor trojn~ttte opening to control a pressure in the opening during 
usfc 

4020. The system of claim 4003, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

4021 . The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein^ne overburden casing is disposed in an overburden of the 

20 formation, and wherein the overburden casing comprises steel. 
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4022. The ^ystem of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

40Z3. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden^f the 
formation , a^d yftyprpmjsupa^^ is disposed at a junction of the overburden 

casing and the opening. 
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4024, The^ systei^^ comprising an overburden casing coupt 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



10 



4025. The system of claim 4003, further comprising an overburden casing cgrdpled to 
the opening, wherein the overburden casing is disposed in an overburdeja'of the 
formation, wherekfapacking^iaterial is disposed at a junction of Am overburden casing 
and the opening, and wherein twe packing material is fu#h^ configured to substantially 
inhibit a flow of fluid betweetafllhe opening andJh€overht(rden casing during use. 



4026. The system of ckum 4003, wherein the heated section of the formation is 
substantially pyfoiy^ed. 



15 4027. A system configurable to heat a coal formation, comprising: 

at least one elongated member configurable to be disposed within an opening in 
the formation, wherein at leapt the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 
20 further configurable to provide an oxidizing fluid from the oxidizing fluid source to the 
opening during/use, and wherein the system is configurable to allow the oxidizing fluid to 
substantial! v4nhib it carbon deposition on or proximate to at least the one elongated 
member during use; and 

'wherein the system is further configurable to allow heat to transfer from at least 
25 the/6ne elongated member to a section of the formation during use. 



/4028. The system of claim 4027, wherein^ 
vstainless steel. 



: one elongated member comprises 
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4Q29r-- : Hie*sy^ claim 4027, wherein at least the one elongate3Tneinber is further 
configurable to generate heat during application of an electrical current to at le^ the one 
elongated member. 



4030. The system of claim 4027, wherein at least the one elongated member/fs coupled 
to the conduit, wherein the conduit is further configurable to support at le^gx the one 
elongated membe 




10 to the condi it, wherein the co 



403 1 . The system of claim 4( '2|7 , wherein at least the one elongated member is coupled 



ait is further configurable tf/support at least the one 



elongated member, and where: iqi tfk^onduit comprises- OT^enings. 



m 
p 



15 
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4032. The systemSfclaim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherem the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027, ftfither comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at leas^the one elongated member on the conduit. 

4034. The system of pfciim 4027, wherein the opening comprises a diameter of at least 
approximately 5 cm/ 



4035. The system of claim 4027, further comprising a lead-in conductor coupled to at 
25 least the on/ elongated member, wherein the lead-in conductor comprises a low 
resistance^ conductor configurable to generate substantially no heat. 



30 



4036/ The system of claimj£27rfurther comprising a lead-in conductor coupled to at 
least v &ejHie-&tengafed member, wherein the lead-in conductor comprises a rubber 
insulated conductor. 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



4038. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the^tfe elongated^member with a cold pin transition conductor, whprfrm the cold pin 
trans^n conductor comprises a substantially low resistance insul^ 

4040. Thd~Hystem of claim 4027 v Atfnerein at least the one elongated member is arranged 
in a sejtfes electrical confmwr^tion. 

4041 . The system of claim 4027, wherein at \past the one elongated member is arranged 
in a parallel electrical configuration. 

4042. The system of claim 4027y*^herein at least the one elongated member is 
configurable to generate radiai^tTieat of approximately 650 W/m to approximately 1650 
W/m during use. 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external io at least the one elongated member, wherein the perforated tube is 
configurable Xp remove vapor from the opening to control a pressure in the opening 
during use., 

4044/ The system of claim 4027, further comprising an overburden casing coupledjo, 
theyopening, wherein the overburden casing is disposed in anj)yerburderfofthe 
foraiation. 
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4045. _Ihe^vSferrTof claim 4027, further comprising an overburden casing couplectito 
the opening, wherein the overburden casing is disposed in an overburden of the / 
formation, and wherein the overburden casing comprises steel. X 

4046. The system of claim 4027, further comprising an overburderycasing coupled to 
the opening, whepdiTitli&sDverburden casing is disposed in an overburden of the 
formation, aijd wherein the overburden casing is further disposed in cement. 

4047. The systemiof claim 4027, further comprising an overburden casing coupled to 
the opening, wherein theoverbi^den-Casing is disposed in an overburden of the 
formation, and-where in a packing material is disposed at a junction of the overburden 
casing and the opening. / 

4048. The system of claim 4027, ftlrther comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, wherein a packing/material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, wherein the heated section of the formation is 
substantially pyrolyzed. 



405 1 1 An in situ method for heating a coal formation, cor 

applying an electrical currgnt^Sfleast one elongated member to provide heat to 
at leastVportiDii-e#4hflormation, wherein at least the one elongated member is disposed 
within an opening in the formation; 



Conley, Rose & Tayon, P C. 



providing an oxidjzing-Jkrid-lxraTleast the one elongated member-4a^ubstantially 
inhibit-GarbolTdeposition on or proximate to at least the one elongated member; ant 

allowing heat to transfer from at least the one elongated member to a sectionyof 
the formation. 
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4052. The mi 
a metal 



claim 405 1 , wherein at least the one elongated member comprises 




at least the one elongated member comprises 



4054. TKe method of claim 4051, whereip^at least the one elongated member comprises 
stainless steel. 

15 4055. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a cejzfer support member. 

4056. The methocLof claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 

20 comprises a tyfoe. 

4057. Tne method of claim 405 1 , further comprising electrically isolating at least the 
one elongated member with a centralizer. 

25 4058. The method of claim 405 1, further comprising laterally spacing at least the one 
Elongated member with a centralizer. 



)59. The method of claim 405 1, fuilhe£-eempns^ coupling at least the 

one eio T T Ha t eu rflemfier in a series configuration. 
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4060. The method of claim 405 1, further comprising electrically coupling at least the 
one elongatec 



4061 . The method of claim 405 1 , wherein the provided heat comprises approximately 
5 650 W/m to approximately 1650 W/m. 



10 



4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at/teast the ohe elongated member using an electroma^etic signal 
provided to at/least the one elongated member. 



4063. The/ 
current. 



method Jof c 



ther comprising mpnitoring the applied electrical 



4064. The method of claim 405 1, further cojprfprising monitoring a voltage applied to at 
15 least the one elongated member. 



4065, The method of claim 405 1 ,further comprising monitoring a temperature in at 
least the one elongated member/with at least one thermocouple. 



20 
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4066. The method of clami 405 1, further comprising supporting at least the one 
elongated member orya center support member, wherein the center support member 
comprises opening; wherein providing the oxidizing fluid to at least the one elongated 
member compiles flowing the oxidizing fluid through the openings in the center support 
member. 

4067. The method of claim 405 1, wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate to at leas^he-ene^Iongated member. 
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^06^J£b€rrf\SfSod of claim 405 1, further comprising electrically coupling^ksd-in 
conductor to at least the one elongated member, wherein the lead-in conductor com^Kjses 
a low resistance conductor configured to generate substantially no heat. 

4069. The method of claim 405 1, further comprising electrically coupling a lead-i 
conductor to at l^a^ftG^ne elongated member using a cold pin transition con^tfctor. 

4070. The method of claim 405 1, further comprising eleptrically coupling a lead-in 
conduct6r to at least the one elongated member using^a cold pin tp^nsition conductor, 
wherein the cold pin/iraljsition conductor cqrpfJnses a substantially low resistance 
insulated conductc 



407 1 . The method of claim 405 1 , further composing coupling an overburden casing to 
the opening, wherein the overburden casings disposed in an overburden of the 
15 formation. 



4072. The method of claim 4051, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 



20 4073 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 
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4074. The/method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing/ana the opening. 



4075 



The method of claim 405 1 , further comprisktg'coupling an overburden casing to 
the opening, wherein a packing materi^s'cfisposed at a junction of the overburden 
casing an^theopening, and^^fein the method further comprises inhibiting a flow of 
30 fluid between the opening and the overburden casing with the packing material. 
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4076. The method of claim 405 1 , further comprising heating at least the pdrtimi of the 
formation to substantially pyrolyze at least some of the carbon within the formation^ 



ffl 



4077. An in situ method for heating a coal formation, comprising: 
oxidizing a fuel fluid in a heater; 

roviding at least a portion of the oxidized fuel fluid into a conduit dispose! in an 
opening of the formation; 

allovAng heat to transfer from the oxidized fuel fluid to a sectipif" :>f the formation; 

10 allowing additional he^tlo transfer from an electricjr£ater disposed in the opening 

to the section of the formation, wherein heat is allow^cHo transfer substantially uniformly 
along Vlengwof the opening. 

4078. The method of claim 4077, whemn providing at least the portion of the oxidized 
15 fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 

conduit disposed in the opening 



is I 
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4079. The method of claim 4077, wherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 
conduit disposed/fn the opening, the method further comprising removing an exhaust 
fluid through the opening. 



4080. The method of claim 4077, further comprising initiating oxidation of the fuel fluid 
in the Keater with a flame. 

25 

4081 . The method of claim 4077, further comprising removing the oxidized fuel fluid 
through the conduit. 

408£. The method of claim 4077, fur^iep^eniipnsmgremoving the oxidized fuel fluid 
30 through4hecondui^ the removed oxidized fuel fluid to at least one 

additional heater disposed in the formation. 
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4083s^ The method^ ofcla irr i 4 077, whrifin \hr i uiirh i i t \ i m i p ri s f^ an iyisiilator disposed 
on a surface of the conduit, the method further comprising tapering a thickness oi 
insulator such that heat is allowed to transfer substantially uniformly along a length of the^ 
5 conduit. 

4084. The method of claim 4077, wherein the electric heater is an insulated conductor 

4085. The methodjotclaim 4077, wherein the electric heateris^a conductopdisposed in 
10 the conduit. 
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4086. Tme method of^laim 4077, whereir^tfie electric heated an elongated conductive 
membe 



15 4087. A system configured to heat a coaliwrnation, comprising: 

one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one or more heat sources are configured to provide heat to at least 
a portion of the formation duriiig use; and 

wherein the system^ configured to allow heat to transfer from the one or more 
20 heat sources to a selected section of the formation during use. 



25 



4088. The systefri of claim 4087, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes ai least some hydrocarbons within the selected section of the formation. 

4089. /The system of claim 4087, wherein the one or more heat sources comprise 
electrical heaters. 



4090. The system of claim 4087, wherein the one or more heat sources comprise surface 
30 burners. 
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409 1 . Thg^ystenToT^Iaim 4087, wherein the one or more heatsot 
lameless distributed combustors. 



^ompnse 



4092. The system of claim 4087, wherein the one or more heat sources comprise natural 
distributed combustors. 



4093. The system of claim 4087, wherein the one or more open ^eflbores comprise a 
diameter of at least approximately 5 cm. 

laim 4087, further comprising^h overburden casing coupled to at 
the c|ne or more open wellborp^wh^r^in the overburden casing is disposed in 
the formation. 

t095. The system x o£claiflf4087, father comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formaticni, and wherein the overburden casing comprises steel. 




4096. The system ofrclaim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden/n the formation, and wherein the overburden casing is further disposed in 
cement. 



4097. /the system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing material is disposed at a junction 
of the overburden casing and the at least one of the one or morco£ea-welibeFes: ■ — 



4098. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
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the overbuidenjiasinB and the at least one of thrjangj^rmore open wellbores, and 
wherein the packing material is configured to substantially inhiDiTa-flQw of fluid between 
at least one of the one or more open wellbores and the overburden casing (hiring use. 

4099. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the one or more open wellbores, and 
wherein the padan^sqiaterial comprises cement. 



4100. Th 
heat such t 
section. 




of claim 4087, wherein the system is further configured to transfer 
isferred heat can pyrolyze^arc least some hydrocarbons in the selected 



4101. The system of claim 4087, fiirther comprising a valve coupled to at least one of 
the one or more heat sources cq^mgured to control pressure within at least a majority of 
the selected section of the foifriation. 

4102. The system of/claim 4087, further comprising a valve coupled to a production 
well configured toycontrol a pressure within at least a majority of the selected section of 
the formation. 



4103. A method of treating a coal formation in situ, comprising: 

roviding heat from one or more heat sources to at least one portion of the 
formation, wherein the one or more heat sources are disposed within one or more open 
wellbores in the formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section oCthe formation; and 

producing a mixtSre from the formation. 
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method of claim 4103, wherein the one^SrmereLiieat sources comprise at 
least two heat sources, and wherein superposition of heat from at leastthejwo heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4105. The method of claim 4103, wherein controlling formation conditions comprise 
maintaining a temperature within the selected section within a pyrolysis temperature 
range with a lower pyrolysis temperature of about 250 °C and an upper pyrpfysis 
temperature at about 400 nC- 



4 1 06. The method/of ol&imj 
electrical heaters. 



f, wherein the one or moj^neat sources comprise 



4107. The method of claim 4103, wherein^ne one or more heat sources comprise 
surface burners. 

4108. The method of claim 4H53, wherein the one or more heat sources comprise 
flameless distributed combiistors. 

4109. The metho^of claim 4103, wherein the one or more heat sources comprise natural 
distributed combustors. 

4110. The^method of claim 4103, wherein the one or more heat sources are suspended 
within the one or more open wellbores. 



4111. 



The method of claim 4103, wherein a tube is disposed in at least one of the one or 



more c^>en wellbores proximate to heat source, the method further comprising flowing a 
substantially constant amount a fluid into at least onejrfthe-ene-or nioie open wellbores 



through critical flow orifices in 
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41^^JFherrfietHod of claim 4103, wherein a perforated tube is disposed in at leas^oHe of 
the one or more open wellbores proximate to the heat source, the method tjifther 
comprising flowing a corrosion inhibiting fluid into at least one ofjh^open wellbores 
through the perforated tube. 



4113. The method of claim 4103, further comprising coupling an overburden casing to 
at least one ofahe one or moreppen wellbores; wherein the overburden casing is disposed 
in an overburden of ineietmation. 

4114. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or mope open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing comprise steel. 



4115. The metho^f claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing is further disposed 
in cement. 

4116. The method of claim 4103, further comprising coupling an overburden casing to 
at lea$/one of the one or more open wellbores, wherein the overburden casing is disposed 
in ^/overburden of the formation, and wherein a packing material is disposed at a 
jflnotion of the overburden casing and the at least one of the one or more open wellbores. 

4117. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the method further comprises inhibiting a 
flow a(fluid between the at least one of the one or more open wellbores and the 
overburden casing with a packing material. 



4118. The method of claim 41O3 L fiirrti0ixomprisiIagTieatin^ at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 
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4119. The method of claim 41^3^her'C^mprising contfoffing^pressure and a 
temperature^ithiirafleast a majority of the selected section of the forrhation, wherein 
^the^ressure is controlled as a function of temperature, or the temperatjAre is controlled as 
a function of pressure. 



4120. The method of claim 4103, further comprising controlling a pressure with the 
wellbor 
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1 . The method ofl^laim 4103, further comprising controlling a pressure within at 
,st a majority of the selected section of the f^miation with a valve coupled to at least 
of the one or more heat sources. 



4122. The method of claim 4103, fijfther comprising controlling a pressure within at 
least a majority of the selected seofion of the formation with a valve coupled to a 
production well located in the formation. 

4123. The method of cLgum 4103, further comprising controlling the heat such that an 
average heating rate o/ the selected section is less than about 1 °C per day during 
pyrolysis. 



4124. The method of claim 4103, wherein providing heat from the one or more heat 
sources to at/least the portion of formation comprises: 

hesfting a selected volume (V) of the coal formation from the one or more heat 
25 sources,Xvherein the formation has an average heat capacity(C v ), and wherein the heating" 
pyroly^es at least some hydrocarbons within the selected voiumej^the-fofma^ 

wherein heating energy/day provided to the^vplume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equations 
Pwr = h*V*C v *p B 
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rein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less thgii about 10 
°C/day. 



4125. The method of claim 4103, wherein allowing the heat to transfer from the one or 
more heat sdurces to^Jie selected section comprises transferring^at substantially by 
conducti6n. 




4126./ The method of cliim 4T03, wherein providin&'heat from the one or more heat 
sourc(es comprises heating the selected section suon that a thermal conductivity of at least 
a portion of thje selected section is greater tharyabout 0.5 W/(m °C). 



4127. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity/of at least about 25°. 

4128. The method of claim 4403, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4129. The method of claim 4103, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4130. The method of claim 4103, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



PI 3 1 . The method of claim 4103, wherein the-produced mixture comprises condensable 
'hydrocarbons, and whereirUes^ by weight, when calculated on an atomic 

basis, of the condensable-hydrocarbons is nitrogen. 
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4132. The method of rlaim 41 fVV wherein the prnHnQgHjrm^re comprises condensable 
hydrocajieflsrSnHwherein less than about 1 % by weight, when calciftated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 



4133. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight yf the condensable 
hydrocarbon^Sompnsfe^ containing compounds, and whereij^the oxygen 
containin^compounds comprise phenols. 

4 1 34. The method of iaM41 03, wherein^th^ro^ comprises condensable 
hydrocarbons, and wherein lesslharTafJout 1 % by weight, when calculated on an atomic 
basis, oi\the condensable hydrocarbons is sulfur. 



4135. The method of claim 4103, whereiiytne produced mixture comprises condensable 
hydrocarbons, and wherein greater than f&out 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

4136. The method of claim 4V03, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises rnulti-ring aromatics with more than two rings. 

4137. The method/of claim 41 03, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons mq asphaltenes. 



4138. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight^ofthe^ 
condensable hydrocarbons are cycloalkanes. 



41 3p. The method of cl3inr<f03, wherein the produced mixture comprises a non- 
concns nsable ^eoifiponent, wherein the non-condensable component comprises hydrogen, 
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and wherein the hyHmgpnj^grpgjyr than ahnnt lQ^j2I_^2l nrnp of the non-condensable 
componenTSiS^herein the hydrogen is less than about 80 % by voTOmo^f the non- 
condensable component. 

4140. The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

4141. The method of^laim 4103, wherein the produced mixture comgnses ammonia, 
and whereiii the ammpnia\s used to produce fertilizer. 

4 1 42. ^he metho^fc^n\l 1 03 , furth^p^omprisin^ contrprfing a pressure within at 
least a ifaajority of the selected section of the formation. 

4143. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the £efrmation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

4144. The.method of claim 4103, ftuther comprising controlling formation conditions 
such that the produced mixture 9omprises a partial pressure of H2 within the mixture 
greater than about 0.5 bar. 

4145. The method of ^laim 4144, wherein the partial pressure of H2 is measured when 
the mixture is at a Deduction well. 

4146. The method of claim 4103, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



4147. r tfhe method of claim 4103, furthe^cemprising altering a pressure within the 
formation to inhibit produgjioirofhydrocarbons from the formation having carbon 
numbers g?eatertfian about 25. 
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4148. The method^f-etaim 4103, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarBt 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



4149. The method of claim 4103, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydj#genating a portion of 
the produced condensable hydrocarbons with at least a portion,**! the produced hydrogen. 
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10 4150./ The method oL claim 4103, wherein allowing the heat to transfer comprises 

increasing a pe^eabilit^of a majorityj^flhe selecj^d section to greater than about 100 
millldarcy. 

4151. The method of claim 4103, wherein allowing the heat to transfer comprises 
15 substantially uniformly increasing a permeability of a majority of the selected section. 

4152. The method of claim 4L03, further comprising controlling the heat to yield greater 
than about 60 % by weight condensable hydrocarbons, as measured by Fischer Assay. 

20 4153. The method of ^laim 4 1 03 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for the production well. 



4154. The method of claim 4103, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4165. The method of claim 4103, further comprij>ing4i^ 
30 h'eat sources to at least a portion-ef^tfielonnation, wherein three or more of the heat 
so>icc£S-are4eeateJin the formation in a unit of heat sources, wherein the unit of heat 
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over an area of the formation to form a repetitive pattern of units. 



4156. The method of claim 4103, further comprising separating the produced mixtur 
into a gas stream and a liquid stream. 

4157. The method of claim 4103, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream inj*> an aqueous 
stream and 3^ff6n-aque?ms stream. 

4158/ The method of claim 4^103, wherein the produced mbdure comprises H2S, the 
metmod further comprising separating a portion of the H^S from non-condensable 
hydrocarbons. 

41 59. The method of claim 4103, wherein tj*e produced mixture comprises CO2, the 
method further comprising separating a ppftion of the CO2 from non-condensable 
hydrocarbons. 



4160. The method of claim 41 03, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 




4161 . The method/Of claim 4103, wherein the mixture is produced from a production 
well, the method Jurther comprising heating a wellbore of the production well to inhibit 
condensation or the mixture within the wellbore. 



4162. The method of claim 4103, wherein the mixture is producecHi^m^T7T^3uction 
well, wherein a wellbore of the production well comprises^Tieater element configured to 
heat the formation adjacent to the wellbereTand further comprising heating the formation 
with the heater elemenUg^rcJduce the mixture, wherein the mixture comprises a large 
non-confensabtSTiydrocarbon gas component and H2. 
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The method of claim 4103, wherein the selected section is heated to a minimum^ 
pyrolysis temperature of about 270 °C. 

41 64. The method of claim 41 03, further comprising maintaining the pressure within th^/ 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 
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4165. The metbotTof claim.4103, further comprising controlling pressjafe within the 
10 formation \nA range from about atmospheric pressure to about 100/tfar, as measured at a 

wellhead qf a productftin well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to mcrease production of 
condensable hydrocarbon^, and wherein the pressure increased to increase production 
of non-fcondep^able hydrc 

15 

4166. The method of claim 4103, fiirther^omprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, vriaerein the pressure is reduced to decrease the API gravity, 

20 and wherein the pressure is iffcreased to reduce the API gravity. 



25 



4167. A mixture proceed from a portion of a coal formation, the mixture comprising: 
an olefin corftent of less than about 10% by weight; and 

an average carbon number less than about 35. 

4168. The /mixture of claim 4167, further comprising an average carbon number less 
than abou/30. 
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4169/ The mixture of claim 4167, further comprising an average carbon number less 
than about 25. 



4171 



mixture of claim 4167, further comprising: 
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non-condensable hydrocarboas-coniprising hydroca£h<Misjiaving carbon numbers 
_oLiess4harT5fand 

wherein aAveight ratio of the hydrocarbons having carbon numbers from : 
through 4, to methane, in the mixture is greater than approximately 1 . 



10 



4171 . The mixture of claim 4167, further ^comprising condensable hydrocarbons, 
wherein l^s than about 1 % by weight, when calculated on an atomic h2tsis, of the 
condei^able hydrocarbons^s nitrogen, wherein less than about 1 °A/vy weight, when 
calculated on an aromic basi^of the condensable hydrocarbcm^is oxygen, and wherein 
less tlian about 1 %\y weight, WhengakJulated on an atonic basis, of the condensable 



hydrocarbons is sAlfur. 



cEJj 

\&£ 

3=" 

t'i 



15 



20 



4172. The mixture of claim 4167, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced nftxture is ammonia. 

4 1 73 . The mixture of claim 4 1 67ffurther comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and wherein the olefin content of the 
condensable hydrocarbons is less than about 1 5 % by weight of the condensable 
hydrocarbons. 
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4174. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein less than about 15 % by weight of the condensable hydrocarbons have a carbon 
number greater than about 25. 

417# The mixture of claim 4174, wherein less than about 1 % by weight, when 
ca/culated on an atomic basis, of the condensable hydrocarbons is nitrogen, wherein less 
t^ian about 1 % by weight, when calculated on anatoniic^asisTc^ 
lydrocarbons is oxygen, and whepsin^esTthan about 1 % by weight, when calculated on 
atomic basis, j)£4h^condensable hydrocarbons is sulfur. 



Conley, Rose & Tayon, P.C. 



JJJ£L-JH*e-nlfitfi^ claim 4173, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 
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5 4177. The mixture of claim 4167, further comprising: 

non-condensable hydrocarbons comprising hydrocarbons having cajfr6n numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having/<5arbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

whej#ln the nonH^ondensable hydrocarbons further comprise H2, wherein greater 
10 than abotff 15 % bVWeight of the non-condensable hydrocarbons comprises H2; and 
/condensable hydrocarbons, comprising: 

^ygenhted hydrocarbons^wherein eater than about 1.5 % by weight of 
the cc^tdensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, whereh/greater than about 20 % by weight of the 
15 condensable hydrocarbons comprises aromatic compounds. 

4178. The mixture of claim 4167, further comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
20 about 25; 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
25 condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H 2 , wherein greater than about 15 % 
by weight oythe non-condensable hydrocarbons comprises H 2 . 



4179. The mixture of claim 4167, furthg 
30 comprising: 



arising a condensable mixture, 
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olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mi 



itseToIefins; and 

asphaltenes, wherein less than about 0.1 % by weight of the condensable" 
comprises asphaltenes. 



cture 
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41 80. The mixture of claim 4179, further comprising, oxygenated hydrocarbon^; 
wherein less th^rrabout 1 5 % by weight of the condensable mixture comprjs^s 
oxygenated hydrocarbons; 

10 4181. The(mixture yof^laiii} 4 1 67, further comprising a condensable mixture, 
comprising: 

olefins, wherein about 0.1 % by weight to abp&t 2 % by weight of the 
condensable mixture comprises olefins; and 

multi-ring aromatics, wherein less th^fi about 2 % by weight of the condensable 
1 5 mixture comprises multi-ring aromatics With more than two rings. 

4 1 82. The mixture of claim 4 1 80/further comprising oxygenated hydrocarbons, wherein 
greater than about 25 % by wejght of the condensable mixture comprises oxygenated 
hydrocarbons. 

20 

4183. The mixture ofxlaim 4167, further comprising: 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 

comprise H2, wherein greater than about 1 0 % by weight of the non-condensable 
hydrocarbons Comprises H2; 
25 ammonia, wherein greater than about 0.5 % by weight of the mixture comprises 

ammonia;And 

^drocarbons, wherein a weight ratio of hydrocarbons having greater than about 2 
carbon/atoms, to methane, is greater than about 0.4. 



30 41841 A mixture produced fron^a-portion of a coal formation, the mixture, comprising: 
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non-condensable hydrocarbons com prising hydrocarbons having carbon numbers 
>f lessjliajKrranc 

wherein a weight ratio of the hydrocarbons having carbon numbers from^ 
through 4, to methane, in the mixture is greater than approximately 1 . 



4185. The mixture of claim 4184, further comprising condensable hydrocarbon^, 
wherein aboi^HX 1 % byW^ight to about 1 5 % by weight of the condensable ^drocarbons 
are olefins/ 

10 4186. The mixtur^ of ^aim <|H84, wherein a molar ratio of etk6ie to ethane in the non- 
condensable hydrpcarbon^tanges from about 0.001 to abput 0.15. 
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4187. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, whejafxalculated on an atomic basis, of the 

1 5 condensable hydrocarbons is nitrogen. 

4188. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 1 %J6y weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



20 
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4189. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein about/5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprised phenols. 



419/). The mixture of claim 41 84, further comprising condensable hYdrocarkonsr 
wherein less than about 1 % by weight^-wherTcalci^ted on an atomic basis, of the 
condensa ble liyd rgcarBons is sulfur. 
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Lthe mixture of claim 4184, further comprising condensable hyHrScariaQns, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

4192. The mixture of claim 41 84, further comprising condensable hydrocarbpife, 
wherein less than about 5 % by weight of the condensable hydrocarbons^cdmprises multi- 
ring arom^tics with mbre than two rings. 



419:/ The mixture of claim 41 84, further- comprising cpmensable hydrocarbons, 
10 whetein less thaj/al^out 0.3 % by^eight of the condensable hydrocarbons are 
asphaitenes. 

4194. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to a^mit 30 % by weight of the condensable hydrocarbons 
15 comprise cycloalkanes. 



20 



4195. The mixture of claim 4 1 84, wherein the non-condensable hydrocarbons further 
comprises hydrogen/wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable ^drocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the rum-condensable hydrocarbons. 



4196. Tile mixture of claim 4184, further comprising ammonia, wherein greater than 
about ,0.05 % by weight of the produced mixture is ammonia. 

25 4/97. The mixture of claim 4 1 84, further comprising ammonia, wherein the ammonia is 
/used to produce fertilizer. 



4198. The mixture of claim 41 84, further comprisingj£Qd^ 
wherein less than about 1 5weighL%-of^ hydrocarbons have a carbon 

30 nurTiber-greaterT^^ 25. 
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1 4199C^ffiej]iixtere^^ further compriling^oiTdensgble hydrocarbons, 

"'WHerein the condensable hydrocarbons comprise olefins, and whereiH about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 



10 
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4200. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and Wherein about 0.1 % to , 
about 2.5 % hy-weigjjt of the condensable hydrocarbons conafprises olefins. 

laim 4184, further comprisingxondensable hydrocarbons, 

comprise oxygenated hydrocarbons, and wherein 
ght of the condensable hydrocarbons comprises oxygenated 



4202. The mixture of claim 4184, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-conderfsable hydrocarbons comprises H2. 




4203. The mixture of claim 41 84, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 

20 15 % by weight of the^non-condensable hydrocarbons comprises H2. 

4204. The mixftire of claim 4184, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 



25 4205. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less man 5, wherein a weight ratio of hydrocarbons having carbon numbers fro m 2 
through 4, to methane, is greater than approximately 1 ; 

condensable hydrocarbons conmjism^oxygenated hydrocarbons, wherein greater 
30 than ahout 5 % by weiglUQtth^condensable component comprises oxygenated 
hydrocarbons. 
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4206. The mixture of dflmv4205 1 wherein about 0.1 % hvj veight to about 1 5 % by 
weifiht-oftKTcondensable hydrocarbons are olefins. 

5 4207. The mixture of claim 4205, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4208. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomiobasis, of the condensable hydrocarbons is nitrogen. 

4209. The mixture of claim 4205, wherein less than about 1 % by weight^Atffien 
calculated on/an atomic basi^ of the condensable hydrocarbons is oxygen. 
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4210. The mixture opclaim 4205, wherein less than abouJ^T % by weight, when 
15 calculated on atr-attnnic basis, of the condensable hydrcicarbons is sulfur. 

421 1 . The mixture of claim 4205, wherein^oout 5 % by weight to about 30 % by 
weight of the condensable hydrocarbonsxomprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



20 



4212. The mixture of claim 4205, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4213. The mixture of claim 4205, wherein less than about 5 % by weight of the 
25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4214/ The mixture of claim 4205, wherein less than about 0.3 % by weight of the 
coridensable hydrocarbons are asphaltenes. 



30 4215. The mixture of claim^205rwKefem 5 % by weight to about 30 % by 
weigfifof the^conHensable hydrocarbons are cycloalkanes. 
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4Zi 6. The mixture of claim-42057Tvherein the rlon :: ocmdeftsableJiYdrocarbons comprises 

jSvwherein the hydrogen is greater than about 10 % by volume of the : 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by voluiHe 
of the non-condensable hydrocarbons. 

4217. The mixture of claim 4205 , wherein the produced mixture comprises ammonal, 
and wherein greater foafil35tn$ 0.05 % by weight of the produced mixture is ampfonia. 
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10 421 8. The mixture of/Maim 4205, wherein the produced mixture comprises ammonia, 
and whereiiithe ainmonm is used to produce fertilizer. 
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4219. The mixture of claim 4205, wherein less than aboujo weight % of the 
condensable^ hydrocarbons in the mixture have a carbc^f: number greater than 
approximately 25. 

4220. The mixture of claim 4205, .wherein :he condensable hydrocarbons further 
comprise olefins, and wherein about O4 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4221 . The mixture of clairn 4205, wherein the condensable hydrocarbons further 
comprise olefins, and wKerein about 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 



25 4222. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise Ut/ wherein greater than about 5 % by weight of the mixture comprises H 2 . 
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4223. The mixture of claim 4205, wherein the non-condensable hydrocarbons fiirther 
comprise H 2 , wherein greater than about 15 % ibyj^eight-o^ comprises H 2 . 
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4224. Th e mix ture nf rlaim wWt»in n weight ratjr^^^iyrlrnrgrhrmg having greater 

than about 2 carbon atoms, to methane, is greater than about 0.3. 
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4225. A mixture produced from a portion of a coal formation, the^rfixture comprising: 
non-condensable hydrocarbons comprising hydrocarbpfis having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately! ; 
cond^nSabl^hydrocarbons ; 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
conden/able hydrocarbons comprises nitrogen; 

wherein le?s than about 1 % b/weight, when calculated on an atomic basis, of the 
condensable hydrocaroofts-eofnprises oxygen; and 

wherein less than about/ % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons cjefmprises sulfur. 

4226. The mixture of/claim 4225, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



4227. The mixture of claim 4225, wherein less than about 5 weight % of the 

20 condensable hydrocarbons have a carbon number greater than approximately 25. 

4228. /The mixture of claim 4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 % by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. 
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4229. The mixture of claim 4225, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4230. The mixture of claim 4225, wherein about 5 % by weight to about 30 % by 

f the conden sabfe4iydrocarbons comprise oxygen containing compoundsrand- 



Wi 



wherein the oxygen containing compounds comprise phenols. 
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423 1 . The mixture of claim 4225, wherein greater than about 
condensable hydrocarbons are aromatic compounds. 
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5 4232. The mixture of claim 4225, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4233. The mixtup^ofclakn 4225, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 
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4234. Thfe mixture ol clkim 4225, wherein about 5 % by weight to a}>dut 30 % by 
weight of the cond^sablevhydn)carboj^are cycloalkanes. 

4235. The mixture of claim 4225, wherein the non-carfdensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is greater tlran about 10 % by volume of the non- 
condensable hydrocarbons and wherein the Ijyurogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 



4236. The mixture of claim 42^5, further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight^of the produced mixture is ammonia. 

4237. The mixture or claim 4225, further comprising ammonia, and wherein the 
ammonia is used/to produce fertilizer. 



25 4238. The mixture of claim 4225, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 



(239. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
30 [H 2 , and wherein greater than about 5 % by weightixf^^ hydrocarbons 
somprises H2. 
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4240^JHie-TiTixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
H2, and wherein greater than about 15 % by weight of the mixture comprises H2. 



O 



5 424 1 . The mixture of claim 4225, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than about 0.3. 

4242. A mixture p&duced from ^ portion of a co^ formation, the mixture composing: 
non-condensable hydrocarbons comnp&ing hydrocarbons having cafbon numbers 
10 of less than 5/ wherein'^fcightm having carbqp^fiumbers from 2 

through 4, p methane, is greater than approximately 1 ; 

ionij#wherein greater than about 0.5 % by \\;eight of the mixture comprises 

ammonia;^ 

condensable hydrocarbons comprising^oxygenated hydrocarbons, wherein greater 
15 than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 



4243. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise olefins, and^wherein about 0. 1 % by weight to about 1 5 % by weight of the 
20 condensable hydrocarbons are olefins. 
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4244. The / mixture of claim 4242, wherein the non-condensable hydrocarbons further 
compm/ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15 

1245. The mixture of claim 4242, wherein the con^easabTe hydrocarbons further 
^comprise nitrogen, and wherein lessjfran-about 1 % by weight, when calculated on an 
atohn<^basis, of thej^onderrSaWe hydrocarbons is nitrogen. 
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4246. The mixture of claim 4242, wherein the condensable hydrocarbons further 

iulated on an 



j^omprise^o ^ygearand^iereln less than about 1 % by weigEtp 
atomic basis, of the condensable hydrocarbons is oxygen. 
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5 4247. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4248. The mixture of clainL4242> wherein the condensable hydrocarbons furt' 
10 comprise oxygen containing compoUnds, wherein about 5 % by weight to aJ>out 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing impounds, and 
wherein the oxygen corimining compoundg'xomprise phenols. 



4249. /The mixture/of claim 4242, wherein the condensable hydrocarbons further 
15 compriWoma^ compounds, and wherein greaterjhan about 20 % by weight of the 
condensablenydrocarbons are aromatic compounds. 
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4250. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, andwherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4251 . The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise asphaltenes/and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are a^phaltenes. 



4252. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise dycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4253. Thsjnixture of claim 4242^Avhereinlhe non-condensable hydrocarbons further 
comprise hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
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non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 



4254. The mixture of ciaim-4242rwKerein the produced mixHlreTTOtoer comprises 
lilTiffiUniafand wherein greater than about 0.05 % by weight of the produceatyixture is 
ammonia. 



4255. The mixture of claim 4242, wherein the produced mixture furth^rcomprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 



ein the 
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4256. The mixture of>efaim 4242, whe: 
hydrocarbons having a carbon 
than about 15 wgftght %^bf the hydrocarbons 
than approximately-^ 



ensaMe hydrocarbons comprise 
iater than^approximately 25, and wherein less 
in thernixture have a carbon number greater 



4257. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greatej^han about 5 % by weight of the mixture comprises H2. 



4258. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 15 % by weight of the mixture comprises 
H 2 . 



4259. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon numbers greater than 2, to methane, is greater than about 
0.3. 



4260. {\ mixture produced from a portion of a coaHpmlStion, the mixture comprising: 

ion-condensable hydrocarbons corpprtsing hydrocarbons having carbon numbers 
of less than 5, wherein a wei^jt^ailoof hydrocarbons having carbon numbers from 2 
through 4, tcTrnethafieTTs greater than approximately 1 ; and 
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condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 



4261 . The mixture of claim 4260, wherein the non-condensable hydrocarbons nattier 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4262. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated qp'an 
atomic basis, of the condensable Jiydrocarbons is nitrogen. 
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4263. The mixture of clajfn 4260/wherfcjn the condensable'hydroc^ons further 
comprise oxygen, and wfierein Iq^s than abdi^L%j5y^eight, \ytfen calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4264. The mixture ord^im 4260, wherein the cpifciensable hydrocarbons further 
comprise sulfur, and wherein less than about V% by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4265. The mixture of claim 4260/wherein the condensable hydrocarbons further 
comprise oxygen containing cofnpounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



25 4266. The mixtxuyof claim 4260, wherein the condensable hydrocarbons further 
comprise aromatip compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4267. The mixture of claim 4260, wherein the condensable hydroGarbCns^ further 
30 comprise multHmig aromatics, and whereh^ese^thSnabout 5 % by weight of the 

condensable hydrocarbons Comprises multi-ring aromatics with more than two rings. 
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4268. The mixture of claim 4260 i 3dxeFeirrtKe - cor^ensable hydrocarbons further 
comprise asphaUenesT^nS^herein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4269. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons^are cycloalkanes. 
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4270. The mixture of claim 4£6Q 
comprise hydrogen 
the non-condensabL 
volume of the non-c 



id wherein 



fhydroc 



andens 



wherein the non-condensable hydrocarbons further 
fdrogen is greater than atfbut 10 % by volume of 
bons and wherein the hydrojg^n is less than about 80 % by 
ble hydrocarbons. 



15 4271 . The mixture of claim 4260, wherein the/produced mixture further comprises 
ammonia, and wherein greater than about 0/55 % by weight of the produced mixture is 
ammonia. 

4272. The mixture of claim 4260; wherein the produced mixture further comprises 
20 ammonia, and wherein the ammonia is used to produce fertilizer. 
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4273. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than/about 1 5 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 



4274. The mixture of claim 4260, wherein about 0. 1 % to about 5 %J 
condensable component comprises olefins. 



30 427?. The mixture o&faam 4260, wherein about 0. 1% to about 2 % by weight of the 
condfc&sa&4e-c6mponent comprises olefins. 
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4276. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenatedJiydi^carixjn§7ahd wherein greater than^aBout~5^%J3^weight of the 
leTiydrocarbons comprises oxygenated hydrocarbons. 
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4277. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated Jiydr©<^irbons, and wherein greater than about 25 % by weight/ff 
the condensable component comprises oxygenated hydrocarbons. 

10 4278. The rmxture of claim 4260, wherein the non-condensable hydr$x?arbons further 
comprise HZ, and wfi&rqn greater th^n^bout 5 % by weight of thp^non-condensable 
hydrocarbons comprises H2. 

4279. The mixture of claim 4260, wherein the nori^condensable hydrocarbons further 
15 comprise H2, and wherein greater than about ^5% by weight of the non-condensable 

hydrocarbons comprises H2. 

4280. The mixture of claim 426€f, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, ys nethane, is greater than about 0.3. 

20 

4281 . A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 weight % of the 

condensable hydrocarbons have a carbon number greater than 25; and 

wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
25 wherein greater than about 5 % by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. 
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4282. Tta mixture of claim 428 1 , further comprising non-conde^sabteliydxocarbons, 
wherein the non-condensable hydrocarbons compiiseiiy3rocarbons having carbon 
numbers of less tharT5r and whcr ehrS^weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4283.^<rhe ny2diu^-of^lSnr4^8lvwherein the condensable hydrocarSorts^irther 
comprise olefins, and wherein about 0.1 % by weight to about 1 5 % by weight ^pf the 
condensable hydrocarbons are olefins. 



4284. The mixture of claim 4281, further comprising non-condensable / hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable Jiyarocarbons ranges 
from about 0.001 to about 0.15. 
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10 4285. Theymixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise/nitrogen, and whergkfless than aboutj^yo by weight, when calculated on an 
atomic ttasisyof the condensable hydrocarbons is nitrogen. 

4286. The mixture of claim 4281ywherein the condensable hydrocarbons further 

1 5 comprise oxygen, and wherein ^ess than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4287. The mixture off claim 428 1 , wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 

20 atomic basis, of the condensable hydrocarbons is sulfur. 

4288. Tbfe mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

25 wherein the oxygen containing compounds comprise phenols. 



4289. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comVise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds? 
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le mixture of claim 4281, wherein the condensable hydrocarbons lurther 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings 
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4291. The mixture of claim 4281 5 wherein the condensable hydrocarbon^further 
compnse^aspnaitenes, and wherein less than about 0.3 % by weight pfme condensable 
hydrocarbons are asphaltenes. 



of claim 4281, 



4292. The mix 
comprise cycloaflk; 
condensable hwocarbo: 



the condensable hydrocarbons further 
and wher^kfabout 5 % b^weight to about 30 % by weight of the 
cycloalkanes. 



are 



4293. The mixture of claim 4281, fwfher comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than about/i 0 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is le^r than about 80 % by volume of the non-condensable 
hydrocarbons. 



4294. The mixture of claim 4281 , further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight of the produced mixture is ammonia. 



4295. The/mixture of claim 4281, further comprising ammonia, and wherein the 
ammonia/is used to produce fertilizer. 

25 4296/ The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises olefins, and wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins. 



/4297. The mixture of claim 4281, wherein the condensable hydrocarbons further 
30 \comprises olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
^drocarbons comprises olefins. 
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comprises olefins, and wherein about 0. 1 % to about 2 % by weight of the condensaE 
hydrocarbons comprises olefins. 

4299. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprises oxygenatejj^ftj^rocar^^ wherein greaterthan^bout 5 % by weigt 
the condensable hydrocarbons comprise^he oxygenated hydrocarbon. 



10 4300. Themix1oireofdkim428l ? fu 
wherein thq non-condensal 

by weight of^iejKHi-condensable hydrocarbons compr^s H2. 



c6^nprising non-conder>s£ble hydrocarbons, 
carbons comprise H2, wWein greater than about 5 % 



s„5 



4301 . The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 

1 5 wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 1 5 
% by weight of the non-condensable#ydrocarbons comprises H2. 

4302. The mixture of claim/4281 , wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atopfs, to methane, is greater than about 0.3. 

20 

4303. A mixUi^e produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 15 % by weight of the 

condensable hydrocarbons have a carbon number greater than about 25; 

'wherein less than about 1 % by weight of the condensable hydrocarbons, when 
25 ca^ulated on an atomic basis, is nitrogen; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is oxygen; and 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomicba§is ? -is-sulfur. 



30 
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4304^TTiejiiixt^^ 

wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 



10 



4305. The mixture of clair 



L wherein the condensable hydrocarbons firffher 



comprise olefins, and vraerein about 0.1 % by weight to about 15 % byweight of the 
condensable hydroc/frbons are olefins. 

4306. The mixture of claim/4X03, further^pm^5nsing^fon-condensable hydrocarbons, 
and wherein a molar ratio m ethene to ethane in tpe non-condensable hydrocarbons 
ranges from about^JH to about 0.15. 
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4307. The mixture of claim 4303, wjrerein the condensable hydrocarbons further 

15 comprise oxygen containing compminds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4308. The mixture of :laim 4303, wherein the condensable hydrocarbons further 

20 comprise aromatic^compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



25 



4309. The/mixture of claim 4303, wherein the condensable hydrocarbons further 
compriseonulti-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



30 



43 Y0. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % bv weight of the condensable 
hydrocarbons are asphaltenes. 
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, Tb p rmvtiiri^Qf-Akmn dlOl 07hprf>in Thp rnnHen^hlp hy^mrarhAns further 

comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight d^the 
condensable hydrocarbons are cycloalkanes. 

5 43 12. The mixture of claim 4303, further comprising non-condensable hydroeJarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about 80 % by volume of tfcdi non-condensable 
component comprises hydrogen. 

10 4313. The/mixture of claim ^3 03 , further comprising aprfmoriia, and wherein greater 
than aboitt 0.05 % by weight of the produced mixtures ammonia. 
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43 14. The mixture offclaim-43TO, further comprising ammonia, and wherein the 
ammonia is TTsed to produce fertilizer. 

15 

43 15. The mixture of claim 4303 /wherein the condensable component further 
comprises olefins, and whereinXbout 0.1 % to about 5 % by weight of the condensable 
component comprises olefir 

20 43 16. The mixture ot/elaim 4303, wherein the condensable component further 

comprises olefins, a^id wherein about 0.1 % to about 2.5 % by weight of the condensable 
component comprises olefins. 



43 17. The mixture of claim 4303, wherein the condensable hydrocarbons further 
25 comprise e>xygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



43 1 8/ The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 



30 5 % by weight of the .non-condensable-h^ comprises H2. 
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4319. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H?. and wherein greater than about 
15 %Jby-weighfof r the non-condensable hydrocarbons comprises 



4320. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydroc^oons having 
greater than about 2 carbon atoms, to methane, is greater than about OX. 
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4321 . ^mixture produced from a portion of a coal formatipfC comprising: 

condensable hydrocarbons, wherein less than ahemt 1 5 % by weight of the 
condensable lwdrocarboiis have a carbon number gfeater than 20: and 

wherein the cofrdeQsableh^^ olefins, wherein an olefin 

content of the condensable component is^s than about 10 % by weight of the 
condensable component. 



4322. The mixture of claim/4321, further comprising non-condensable hydrocarbons, 
wherein the non-condens^ole hydrocarbons comprise hydrocarbons having carbon 
numbers of less thanX and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 tizrough 4, to methane, is greater than approximately 1 . 

4323 . The^nixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



30 



524. The mixture of claim 4321 , further comprising non-condensable hydrocarbons, 
'and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 




claim 4321, wherein the condensable hydrocarbons further 



comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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<__4^6r^KTrnixture of claim 4321, wherein the condensable hydrocarbonsl^rther 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



4327. The mi?psifeofcra^m 4321, wherein the condensable hydr9£?arbons further 



compnse s 
atomic b; 



and wherein less than about 1 % by weight, 
'sis, of the condensable hydrocarbons is sulfur. 



len calculated on an 



10 4328. ^hejmxture of claim 4321, wherein the cpfidensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of thg^condensable hydrocarbons comprise 
oxygen containing compounds, and whe^in the oxygen containing compounds comprise 
phenols. 

1 5 4329. The mixture of claim432 1 , wherein the condensable hydrocarbons further 
comprise aromatic compminds, and wherein greater than about 20 % by weight of the 
condensable hydrocaiT>ons are aromatic compounds. 
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4330. The mixture of claim 4321, wherein the condensable hydrocarbons further 
20 comprise aiulti-ring aromatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



25, 



423 1 . The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
'comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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4332. The mixtm^^claim^^-lTwherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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4333. Thgjfflxtufe of claim 4321, further comprising non-condensable hydrocarbons, 
lerein the non-condensable hydrocarbons comprises hydrogen, and wherein tne 

hydrogen is about 10 % by volume to about 80 % by volume of the non-conder^able 
hydrocarbons. 

4334. The mixture of claim 4321, further comprising ammonia, whe^in greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



4335. ^Pne mixture of claim 4321, further comprising ^rfmonia, and wherein the 



Snia is used to produce fertilizer 

433l£>. The mixture of clahTb432ri'Twherep 
condeJisabtecomponent comprises olefins. 



about 0.1 % to about 5 % by weight of the 



4337. The mixture of claim 4321, wherein about 0.1 % to about 2 % by weight of the 
condensable component comprises olefins. 

4338. The mixture of claim 432 1 , wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of 
the condenszmie component comprises oxygenated hydrocarbons. 

4339y/The mixture of claim 4321, wherein the condensable component further 
conrfprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
je condensable component comprises oxygenated hydrocarbons. 



4340. The mixture of claim 432 1 , further comprising non-con densable hydrocarbons, 

wherein the non-condensable hyd^ajkensnc^m greater than about 

*%by wdfiht-of^teTion^ondensable hydrocarbons comprises H 2 . 
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434 1 . The mixture ofclaim-43-2- 1 , further compri s i flgjiQiiiCondensable hydrocarbons, 
whefenTfKerion-condensable hydrocarbons comprise H2, and whereingfeatgr than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 



4342. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons havjHg carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbon^iaving carbon 
numbers frdm 2 through^hsto methane, is greater than approximately 0.3. 



00 



10 434/ A mixture produced from a^ortjorfof acpaT formation, comprising: 

condei^ble^ij^drocm^ le^s than about 5 % by weight of the 

condensable hydrocarbons cojmprises hydrocarbons having a carbon number greater than 
about 25; and 

wherein the condensabl^hydrocarbons further comprise aromatic compounds, 
15 wherein more than about 2j) / % by weight of the condensable hydrocarbons comprises 
aromatic compounds. 
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4344. The mixtjire of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the nefn-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of/less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers/from 2 through 4, to methane, is greater than approximately 1 . 
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4345/ The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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4346. The^ qixture of claim 4343, ii iilhef^efflEnis^^ hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 
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4347^JIhe-m^ 4343, wherein the condensablehyHrDtmhons further 

comprise nitrogen, and wherein less than about 1 % by weight, when calculltt^d on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



5 4348. The mixture of claim 4343, wherein the condensable hydrocarbons ftfrther 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the^ondensable hydrocarbons is oxygen. 

4349. Tile mixture of claim 4343, wherein the condensal^ hydrocarbons further 
10 comprisfe sulfur, ^nd wherein less than about 1 % by^>tfeight, when calculated on an 
atomic/basis, of the condensable hydrocarbons 
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4350. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygen containing compouiKls, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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435 1 . The mixture o^claim 4343, wherein the condensable hydrocarbons further 
comprise multi-ring/aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4352. The/mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise4sphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4333. The mixture of claim 4343, wherein the condensable hydrocarbons comprise 
cvcloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4354. >s< rh^mixture of r.lai m 4^4 ^, fnrthpr rnmprinin^ nnn ^ nnr i rl n nfiahlp hydr ocarbons 

wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
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hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. ' — - 

4355. The mixture of claim 4343, further comprising ammonia, and wherein greater 
5 than about 0.05 % by weight of the produced mixture is ammonia. 

4356. The mixture of claim 4343, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



15 

m 
n 



E 3 

*s3 



10 4357. The mixture ofclaim 4343, wherein the condensable hydrocarbons further 

comprise olefins, afid wherein about 0.1 % to about 5 % by^weight of the cprfaensable 
hydrocarbons comprises ojefir 

4358. The mixture of claim 4343, wherein the condensable hydrocarbons further 
15 comprises olefins, and wherein about 0. 1 % to aboyfz % by weight of the condensable 

hydrocarbons comprises olefins. 

4359. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic^cdmpounds, and wherein less than about 2 % by weight of 

20 the condensable hydrocarbons comprises multi-ring aromatic compounds. 



25 



4360. The mixture of claim 4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable'hydrocarbons comprises oxygenated hydrocarbons. 



43(tf. The mixture of claim 4343, wherein the condensable hydrocarbons comprises 

oxygenated hydrocarbons, and wherein greaterthmiabouL25J^ 

coM^nsable com^Qneiit-eoiiipnses^tygenated hydrocarbons. 
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— 4362. The mixtu re of claim 43/|3 3 fiirthe E^mpjjsin^ hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Fb, and^tteFeiq^greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4363. The mixture of claim 4343, further comprising non-condensable hydrocarbons 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than al/out 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4364. The mixture of claim 4343, further comprising non-condensable^drocarbons, 
wherein the non-condensable hydrocarbons comprises hydrocarboj^naving carbon 
numbers of less than 5, and wherein a weight ratio of hydroc^rfxms having carbon 
numbers from 2 through4/to methane^ greater thm^aj^roximately 0.3. 

4365. A mixture produced front 1 portion of axJoal formationrcomprising: 
non-condensable hydiX)carbons"cera|^ having carbon numbers 

of less than about 5,^vhep^ a weight ^io of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by weigh^of the non-condensable hydrocarbons comprises H2; and 

condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 

the condensable hydrocarbons comprises oxygenated hydrocarbons; 

/ olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

/ aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4366. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 

comprise ethene and ethane, and wherein a molar ratio ofethgiie4o-efeane- in the non ~ 

condensable hydrocarbons ranges fromabetrtllOOlto about 0.15. 
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ltrogen, and wherein less than about 1 % by weight, when calculated on 
atomic basis, of the condensable hydrocarbons is nitrogen. 



4368. The mixture of claim 4365, wherein the condensable hydrocarbor^further 
comprise oxygen, and wherein less than about 1 % by weight, when^pdlculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4369. The mixture of claim 4365, wherein the condej^able hydrocarbons further 
comprise sulfur^aiid^hercin less than about 1 % b£ weight, when calculated on an 
atomic basi^; of the condensable hydrocarbon^ls sulfur. 

4370. T(ht mixtur^o^claim 4365, wh^fein the condensable hydrocarbons further 
comprisd^^yge^ontain^^ wherein about 5 % by weight to about 30 % by 
weight of the^ondensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4371. The mixture of cl^m4365, wherein the condensable hydrocarbons comprise 
multi-ring aromatics, atnd wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4372. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
asphaltenes,yand wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4373/ The mixture of claim 4365, wherein the cojadensableTiydrocarbons comprise 
cyqloalkanes, and wherein aboyt-§-%^y^weight to about 30 % by weight of the 
conO^iisaaieJw^rae^bons are cycloalkanes. 



836 



Conley, Rose & Tayon, P.C. 



4374 : Tli£jiiixtttre^rHa& 4365, wherein the non-condensable hydrocarbon^fwtl^r 
comprises hydrogen, and wherein greater than about 10 % by volume and less than aboihj 
80 % by volume of the non-condensable hydrocarbons. 



4375. The mixture of claim 4365, further comprising ammonia, and whereir^greater 
than about 0£5J% by weight of the produced mixture is ammonia. 
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43^. The mixture of claim 4365, further comprising ammoj 
lonia is^lsed to produce fertilizer. 



and wherein the 



4377. / The fixture of cjaiifi4365, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon niurmer of greater than approximately 25, 
wherein less than about 1 5 % by weigh^of the hydrocarbons have a carbon number 
greater than approximately 25. 

4378. The mixture of claW4365, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 
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4379. The mixture of claim 4365, wherein about 0. 1 % to about 2 % by weight of the 
20 condensable hydrocarbons comprises olefins. 

4380. The mixture of claim 4365, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



25 y438 1 . The mixture of claim 4365, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane-Ls-gfeatertfran about 0.3. 




4382. A mixture produced from a portion of a coal formation, comprising: 
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conoenSaBIe hydrocarbons, wherein less than about 5 % by weight\f the 
""condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than ^tfout 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydnx^arbons; 

olefins^h^rein less^ui about 10 % by'weight of the condensable 
hydrocarbqp^comprises olefins^nd 

aromatic co^o^nds, wherein^reater than about 30 % by weight of the 
10 condensable hvdrocartjails comprises aromatic compounds; and 

notv^ondensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4383. The mixture of claim 4682, wherein the non-condensable hydrocarbons further 
15 comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 

ratio of hydrocarbons haying carbon numbers from 2 through 4, to methane, is greater 
than approximately 1 . 

4384. The mixture/of claim 4382, wherein the non-condensable hydrocarbons comprise 
20 ethene and ethane/ and wherein a molar ratio of ethene to ethane in the non-condensable 

hydrocarbons ranges from about 0.001 to about 0.15. 



25 



4385. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic batfis, of the condensable hydrocarbons is nitrogen. 



4386. /The mixture of claim 4382, wherein the condeiisabla4iydr5cS5ons further 
comprise oxygen, and whereinjess^tfianabout 1 % by weight, when calculated on an 
atomic basis»-oftilS - coridensable hydrocarbons is oxygen. 



30 
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4387. The mixture of rlaim^RT^vhgr^n the r.nnHen^hl£Ll2^ nrarhon ^ farther 
comgrise-SttHtifTan^ less than about 1 % by weight, when calculated^ an 

atomic basis, of the condensable hydrocarbons is sulfur. 



4388. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
whereintja^^ compounds comprise phenols. 

4389. / The mixture of claim 4382, wherein the condensable hyfk^carbons further 
comprise multiAring aromatics, and wherein less than abouJxS % by weight of the 
condensable hydrocarbons comprises multi-ring aronratics with more than two rings. 

4390. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less tjian about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4391 . The mixture of claim/4382, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4392. The mixture of claim 4382, wherein greater than about 10 % by volume and less 
than about 8J0 % by volume of the non-condensable hydrocarbons is hydrogen. 



4393. The mixture of claim 4382, further comprising ammonia, and wherein greater 



than al 



tout 0.05 % by weight of the produced mixture is ammor 



4394. \The mixture of claiirUl3#2Tfurther comprising ammonia, and wherein the 
ammonia isTlSecTto produce fertilizer. 
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4395. Thenii^diiF^ wherein about 0. 1 % to about 5~%T 

condensable hydrocarbons comprises olefins. 



rfit of the 



4396. The mixture of claim 4382, wherein about 0.1 % to about 2 % by weight pf the 
condensable hydrocarbons comprises olefins. 

4397. The mixtur^of clairn4382, wherein the condensable hydroc^oons comprises 
oxygenated hydrocarbons, and\wherein greater than about 1 5 %'by weight of the 
condensable/nydrocarbjras comprises oxygenated hydrocarbons. 



4398. The mixture of claim 4382, wherein the^prixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and whepein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 



4399. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about/ol % by weight to about 1 5 % by weight of the 

condensable mixture compfises olefins; 

oxygenated hydrocarbons, wherein less than about 1 5 % by weight of the 

condensable mixture^omprises oxygenated hydrocarbons; and 

asphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 

comprises asphaltenes. 



4400. The mixture of claim 4399, wherein the condensable mixture further comprises 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 



440(1 . The mixture of claim 4399, wherein about!U--%i5y^ weight to about 5 % by 
weight of the condensable mbctufe^omprises olefins. 
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4402. The mixture of claim 43 99, wherein the condensa ble mixture further comprises 
jioix-eendgnsable hydrocarbons, wherein the non-condensable hydrocarbDRS^comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-concfef\sable 
hydrocarbons ranges from about 0.001 to about 0.15. 



4403. The mixture o^laim 4399, wherein the condensable mixture furthei^eomprises 
nitrogen, and wherdn less than about 1 % by weight, when calculated orfan atomic basis, 



A 

of the condensaKle mixture is/n 



trogen. 



4404. The Mixture of-dlaim 43W, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weijjhC when calculated on an atomic basis, 
of the condensable mixture is oxygen. 



4405. The mixture of claim 4399/wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight, when calculated on an atomic basis, of 
the condensable mixture i^sulfur. 

4406. The mixtur6 of claim 4399, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygerycontaining compounds comprise phenols. 

4407. The mixture of claim 4399, wherein the condensable mixture further comprises 
romatic compounds, and wherein greater than about 20 % by weight of the condensable 

mixture are aromatic compounds. 



4408. The mixture of claim 4399, wherein the condensable mixture further comprises 
^multi-ring aromatics, and wherein less than about 5 % by weight of the condensab le- 
hyctrftearbons CQmprises-4ffiriti=ririg aromaucs with more than two rings. 
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4409. The mixture of claim 4399, wherein the condensable mixture further comprises 
cyclo akane sjmdj^ % by weight tCH about^0^%by weight of the 

condensable mixture are cycloalkanes. 



10 



4410. The mixture of claim 4399, wherein the condensable mixture comprises non- 
condensable hydrocarbons, and wherein the non-condensable hydrocarbons comprise 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

441 1 . The mixture of claim! 43 99, further comprising ammonia, anc^herein greater 
than about 0.05 % by weight of the produced mixture is ammor 



4412. The mixture of claim 4399, further comprising'ammonia, and wherein the 
1 5 ammonia is used to produce fertilizer. 

4413. The mixture of claim 4399, whej^in about 0.1 % by weight to about 2 % by 
weight of the condensable mixture ^dmprises olefins. 

20 4414. A condensable mixtur6 produced from a portion of a coal formation, comprising: 
olefins, wherein abbut 0.1 % by weight to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring arefmatics, wherein less than about 2 % by weight of the condensable 
mixture comprisesanulti-ring aromatics with more than two rings; and 
25 oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 

condensable mixture comprises oxygenated hydrocarbons. 



4415. The mixture of claim 4414, further comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherehUess4hairabuur5 weigEf% of the 



30 hydrocarbons in the mixture have a carbon number greater than approximately 25. 
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4416\^T he mixture of claim 4414, wherein the condensable mi xture further comprises 
nitrogeivand wherein less than about 1 % by weight, when calciJated~on^ basis, 
of the condensable hydrocarbons is nitrogen. 



4417. The mixture of claim 4414, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis,; 
of the condensable hydraeafbOns is oxygen. 



4418. Themixti 
sulfur, and whe: 
the condensable 




|, wherein the condensable mixture furtjidr comprises 
s% by_weight, when calculate^xm an atomic basis, of 
5carbons is sulfur. 



4419. The mixture of claim 4414, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about^S % by weight to about 30 % by weight of 
the condensable hydrocarbons comprise^oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



4420. The mixture of claim 4414, wherein the condensable mixture further comprises 



aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 



4421 . The^mixture of claim 4414, wherein the condensable mixture further comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



}22. The mixture of claim 4414, wherein the condensable mixture further comprises 
^ycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
:ondensable hydrocarbons are cycloalkanes. 



4423. TKel mx l uic o f cl a im 4414, fuither compr ising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 
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4424. The mixture of claim 4414, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 

4425. A mixture produced from a portion of a coal formation, comprising: 
non-condensable hydrocarbons and H2, wherein greater than about 10 % by 

volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia and water, wherein greater than about 0.5 % by weight of the mixture 
comprises ammoma^/and 

condensable hydrocarbons. 

4426. The mix]ture of claim 4425, wherein the non-condensablp^iydrocarbons further 
comprise hydrotarbonsmaWig carbon numbers of less thapo, and wherein a weight ratio 
of the hydrocarbons having carbon numbers from 2 through 4, to methane, in the mixture 
is greater than approximately 1 . 



4427. The mixture of claim 4425, wherein greater than about 0.1 % by weight of the 
condensable hydrocarbons, and wjaerein less than about 15% by weight of the 
condensable hydrocarbons are/olefins. 

4428. The mixture ofcdaim 4425, wherein the non-condensable hydrocarbons further 
comprise ethene and'ethane, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethanp in the non-condensable hydrocarbons is less than about 0.15. 



4429. The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated <pn an atomic basis, of the condensable hydrocarbons is nitrogen. 

4430. The mixture of claim 4425, wherein less than about 1 % by weight, when 



calculated on\natomic basis, of the condensat 




arbons is oxygen. 
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443 1 . The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 



4432. The mixture of claim 4425, wherein about 5 % by weight to about 3(T%^bv 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and^ 
wherein the oxygen containing compounds comprise phenols. 

4433. The mixture of claim 4425, wherein greater than about 20 % by weight of the 
condensable hydrocarbons^afearbmatic compounds. / 

4434. The mixture of claim 4425 /wherein less than^bout 5 % by weight ofjfctfe 
condensable hydroca *bons comprises mhlti-ring^romatics with more th^rfiwo rings. 

4435. The mixture ofclaim 4425, wherein less than about 0^% by weight of the 
condensable hydrocarbons are asphaltenes. / 

4436. The mixture of claim 4425, wherein aJxSut 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons^re cycloalkanes. 

4437. The mixture of claim 4425, wherein the H2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4438. The mixtur^of claim 4425, wherein the condensable hydrocarbons further 
comprise sulfiu/containing compounds. 

4439. TKe mixture of claim 4425, wherein the ammonia is used to produce fertilizer. 



4440. I The mixture of claim 4425, wherein less than about 5 % of the condensable 
hydrocas^ons have carbonjaunihers-gFeaterthan 25^ 
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, 4441. The mixture of claim 4 49S wherein the rnnHerKahlp hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensabl^KytfroGartons comprise 
olefins, and wherein less than about 15 % by weight of the condensable hydrocarbons 
comprise olefins. 



4442. The mixtoevof claim 4425, wherein the condensable hydrocarbons compose 
olefins, and Wnerein about 0.001 % by weight of the condensable hydrocarjxms comprise 
olefins, anci wherein less than about 10 % by weight of the condensat>l£nydrocarbons 
comprise olefins. 



4443. Ifae mixture of clalr!r4425, wherein the condensable hydrocarbons comprise 
oxygenatelWaydrocarbons, and wherein greaterfhan about 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4444. The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise nitrogen containing compounds. 

4445. A method of treating a coal formation in situ comprising providing heat from 
three or more heat sources to at least a portion of the formation, wherein three or more of 
the heat sources are located in the formation in a unit of heat sources, and wherein the 
unit of heat sources comprises a triangular pattern. 

,46. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



4447. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 
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4448. Thai»©th0d^rdaim 4445, wherein three or more of the heat sources ara located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three oj/more 
production wells are located within an area defined by the plurality of unks, wherein the 
three or more production wells are located in the formation in a un^i production wells, 
and wherein the unit of production wells comprises a triangular'pattern. 



s¥*r 



.W 
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4449. The method of claim 4445, wherein three or^rfore of the heat sources are located 
10 in the forqiati^rKin a plurality of the units, wherein the plurality of units are repeated over 

an area (fi th^ formation to form a repetitiy^pattera of units, wherein three or more 
injection wells\are located within an arp^ defined by the plurality of units, wherein the 
three qr mg/re injection well^re located in the formation in a unit of injection wells, and 
wherefn^the unit of injection wpffs comprises a triangular pattern. 

15 

4450. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a^lurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production weHs and three or more injection wells are located within an area defined by 

20 the plurality :>f units, wherein the three or more production wells are located in the 

formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wells are located in the 
fonnation in a unit of injection wells, wherein the unit of injection wells comprises a 
aecond triangular pattern, and wherein the first triangular pattern is substantially different 
'than the second triangular pattern. 



445 1 . The method of claim 4445, wherein three orjnoi^-of^heiTearsources are located 
in the formation in a plurality ofthgjamtST^^rein the plurality of units are repeated over 
an area of the foima!jj>*rt5mrm a repetitive pattern of units, wherein three or more 

"wells are located within an area defined by the plurality of units, wherein the 
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threeorm are locatedinJlieJbrmation in £uniU)^ wells, 

ffid whereiirthe unit of monitoring wells comprises a triangular pattern. 

4452. The method of claim 4445, wherein a production well is located in an area 
5 defined by the unit of heat sources. 

4453. The method of claim 4445, wherein three or more of the heat sources^re located 
in the formation in a first unit and a second unit, wherein the first unit is^qjacent to the 
second unit, and wherdrTth^ first unit is inverted with respect to th^^econd unit. 

10 

4454. The method of claim 4445, wherein a distance bet\ye£n each of the heat sources in 
the unit of heat sources AVies by less than about 20 %y 

4455. The method qf claim 4^4^7^^^^i^ance between each of the heat sources in 
1 5 the unit of heat sources is approximately eqifal. 

4456. The method of claim 4445, wherein providing heat from three or more heat 
sources comprises substantially ijmformly providing heat to at least the portion of the 
formation. 

20 

4457. The method of daim 4445, wherein the heated portion comprises a substantially 
uniform temperature distribution. 

4458. The method of claim 4445, wherein the heated portion comprises a substantially 
25 uniform temperature distribution, and wherein a difference between a highest temperature 

in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. 



4459: The method of claim 4445, wherein a temperaturg^t-arn^^ lateral boundary of 
30 the triangular pattern and a tempem£ur©-a1^*center of the triangular pattern are 
approxit 
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,44 60. The method of claim 4445, wherein a temperature at an ou terkteral boundary of 
the triangular pattern and a temperature at a center of the triangular patterrTinefease 
substantially linearly after an initial period of time, and wherein the initial period of tim> 
comprises less than approximately 3 months. 
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4461 . The method of claim 4445, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of/ 



heat sources is substantially. 



. a time required to increase the average temperature 



of the heated portion to the selected temperature with ajiexagonal pattern of hea^ources, 
and wherein a space between eacH oflthe heat sources in the triangular patterns 
approximately equal to/a space bemveen each ofthe heat sources in the hexagonal pattern. 



4462. The method of claim 4^45 , wherein a time required to^ncrease a temperature at a 
coldest point within the heated portion to a selected tempdrature with the triangular 
pattern of heat sources is substantially less than a tinie required to increase a temperature 
at the coldest point within the heated portion toahe selected temperature with a hexagonal 
pattern of heat sources, and wherein a sp£<5e between each of the heat sources in the 
triangular pattern is approximately equal to a space between each of the heat sources in 
the hexagonal pattern. 

4463. The method of daim 4445, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest j)oint within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to the number of heat sources per unit are in the hexagona 
pattern of heat sources. 



30 446\. The method of claim 44^5rwfierein a time required to increase a temperature at a 
coldest p&mewttiri!rEEe^heated portion to a selected temperature with the triangular 
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pattern of heat sources is substantially equal to a time required to increase a temperature 
C at the cold fisLpofflt^tffiiTtf^heated portion to the selected temperature^vitiraHb^gonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than a space between each of the heat 
5 sources in the hexagonal pattern. 

4465. The method of claim 4445, wherein providing heat from three or more he§ 
sources to at least the portion of formation comprises: 

heating a sel^cted-xolume (V) of the coal formation from three or^ore of the heat 
10 sources, whereinahe formation has an average heat capacity (C v ), an^Kvherein heat from 
three or more pf the he^t sources pyrolyzes at least some hydrocarbons within the 
selected voli/me of th£ formation; 
*6 wherein hea^ng eik^gy/day prpyi^ed to the volyrfie is equal to or less than Pwr, 

wherein P\ir is cajtulated by the equation: 

15 PwrW^F*C v */>* 

wherein Pwr is the heating energy/da/, h is an average heating rate of the 
" formation, p B is formation bulk density, apd wherein the heating rate is less than about 
10°C/day. 

20 4466. The method of claim 4j45, wherein three or more of the heat sources comprise 
electrical heaters. 

4467. The method o|/6laim 4445, wherein three or more of the heat sources comprise 
surface burners. 



G 
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4468. The method of claim 4445, wherein three or more of the heat sources comprise 
flameless distributed combustors. 



4469. /The method of claim 4445, wherein three or more of the heat sources comprise 
30 natural distributed combustors. 
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4470. The method of claim 4445, further comprising: 

allowing the heat to transfer from three or more of the heat sou rces to a selected section 
of the^rmatioiTsuchthat heat from three or more of the heat sources^yfirtyzos at least 
some hydrocarbons within the selected section of the formation; and 
producing a mixture of fluids from the formation. 

4471 . The method of claim 4470, further comprising controlling a temperature withj^at 
least a majority of the selejzfed section of the formation, wherein the pressure is 
controlled as a function pi temperature, or the^emperature is controlled as function of 
pressure. 



4472. The method of claim 4470, further comprising controlling the heat such that an 
average heating rate okthe^elected section is less than^^bout 1 .0° C per day during 
pyrolysis. 



4473. The method of claim 4470, wherein allowing the heat to transfer from three or 

/ 

more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. 



4474. The method of 




4470, wherein providing heat from three or more of the heat 



sources to at least the portion of the formation comprises heating the selected section 
such that a thermal conductivity of at least a portion of the selected section is greater than 
about 0.5 W/i/°C. 



4475. The method of claim 4470, wherein the produced mixture comprises an API 
gravityofat least 25°. 



4476. The method of claim 4470, wherein the produced mb0ju^-ct5inprises condensable 
hydrocarbons, and wherein about 0.1% b^^eighfToabout 15% by weight of the 
cona&nsable hydrocarbons are-eieiins. 
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4427r^Tliemethod of claim 4470, wherein the produced mixUu*ecSmiMises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the lie 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4478. The method of claim 4470, wherein the produced mixture comprises^ndensable 
hydrocarbons, a^rd^wher^n less than about 1 % by weight, when calcul^d on an atomic 
basis, of thexondensable hydrocarbons is nitrogen. 

4479. fhe methocftof claim 4470.wfterein the produced mixture comprises condensable 
10 hydrocarbons, and wlterein^s^han about 1 % by w^i^nt, when calculated on an atomic 

basis, of the-eondensable hydrocarbons is oxyger 



P 
Q 
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4480. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than^bout 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

448 1 . The method of cteAm 4470, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing confounds comprise phenols. 



25 



4482. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hyorocarbons are aromatic compounds. 



4483. The method of claim 4470, wherein the produced mixUirecomprises-Gendensabte" 
hydrocarbons, and wherein less than abouiSJ^Jsy-^^^of the condensable 
hydrocarbons comprises mylti-rhTg^romatics with more than two rings. 
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4484^JFhelnethod of claim 4470, wherein the producednniixture comprises condensable 
Tiydrocarbons, and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaltenes. 



4485. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by yeight of the 
condensable hydrocarbons are cycloalkanes. 



a 



4486. The method of claim 4470, wherein the producecLmixture comprises a non- 
10 condensable component, wherein the non-condensaWe component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
componentTand wherein the hydrogen is less ^Kan about 80 % by volume of the non- 
condensable component. 



u 



15 4487. The method of claim 4470, Wherein the produced mixture comprises ammonia, 
and wherein greater than about 0^05 % by weight of the produced mixture is ammonia. 

4488. The method of claim 4470, wherein the produced mixture comprises ammonia, 
and wherein the ammorjia is used to produce fertilizer. 

20 

4489. The method/of claim 4470, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein a partial pressure of H2 within 
the mixture is Greater than about 2.0 bar absolute. 

25 4490. Th& method of claim 4470, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



449A . The method of claim 4470, further comprisingj^^ conditions 
30 by recirculating a portion of hydrogen ifrgm-theTfnixture into the formation. 



Conlcy, Rose & Tayon, P.C. 



l e r comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbb^s 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



10 



4493. The method of claim 4470, further comprising: 

producing hydrogen from the formation; and 

hydrogenatmg^poftion of the produced condensable hydrocarbons with at least a 
portion of the prekiuced hydrogen. 



4494. The rAethod of cj&im 44^Q^dlfii^in'allowing the heat to transfer from three or 
more of the neat sources to the selected section of the formation comprises increasing a 
permeability ofamajority of the selected section to greater than about 100 millidarcy. 



j- 5 
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15 4495. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to tHe selected section of the formation comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 



m 



4496. The method of claim 4470, further comprising controlling the heat from three of 
20 more heat sources /o yield greater than about 60 % by weight of condensable 
hydrocarbons, a/ measured by Fischer Assay. 



4497. The method of claim 4470, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

25 the formation for each production well. 

4498. /The method of claim 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources, are located in the formation in a uniliifh©at-sotfi5esrand wherein the unit of heat 

30 sources cotepises-a^kji^al^pattern. 
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4499 i ^Ib©-metRoa^fclaim 4470, further comprising providiKglreatirom three or more 
heat sources to at least a portion of the formation, wherein three or more oflhe heat 
sources are located in the formation in a unit of heat sources, wherein the unit ojf heat 
sources comprises a triangular pattern, and wherein a plurality of the units aryrepeated 
over an area of the ft^li^ a repetitive pattern of units. 

4500. A method for in situ production of synthesis gas from a^eoal formation, 
comprising: 

heating ^ section 6f the formation to a temperature sufficient to allow synthesis 
gas generation, i ^djej@in a permeability of the section is substantially uniform and greater 
than a permeability of an unheated section o&tfie formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas geijerating fluid to the section to generate synthesis gas; 

and 

removing synthesis ga^from the formation. 

4501 . The method of/claim 4500, wherein the permeability of the section is greater than 
about 100 millidanzy when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved. 

4502. The method of claim 4500, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 



4503./ The method of claim 4500, further comprising heating the section when providing 
25 the synthesis gas generating fluid to inhibit temperature decrease in the section due to 
synthesis gas generation. 



30 



4504. The method of claim 4500, wherein heating the sectionp^mjSrises convecting an 
oxidizing flmd into a portion of the section^wliefeitrtlietemperature within the section is 
above a temperati3re-su££ici©^ oxidation of carbon within the section with the 
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e oxidizing fluid with carbon Tnthe^ection to generate 



oxidizing fluid, andjes 
heat witbtiTthe section. 



4505. The method of claim 4504, wherein the oxidizing fluid comprises/ air. 

4506. The method of claim 4505, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to pro^dce oxides of nitrogen 
compounds. 



4507. Thp method of claim 4500, wherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacent tp'wellbores within the formation, oxidizing 
carbon ^ithin th^r^action zone to generate heat, and transferring the heat to the section. 

4508. The n/ethod of claim 45$<Lwherein heating the section comprises heating the 
section E>v4fansfer of heat frofn one or more of electrical heaters. 



4509. The method ofclaim 4500, wherein heating the section to a temperature sufficient 
to allow synthesis g^s generation and providing a synthesis gas generating fluid to the 
section comprise/ introducing steam into the section to heat the formation and to generate 
synthesis gas., 

45 10. The method of claim 4500, further comprising controlling the heating of the 
sectioniind provision of the synthesis gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 



4^1 1 • The method of claim 4500, further comprisy; 

monitoring a composition of t^-pr53uced synthesis gas; and 
controlling heating^flHe section and provision of the synthesis gas generating 
fluid s teHRaifrtaiTfme composition of the produced synthesis gas within a selected range. 
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method of claim 451 1, wherein the selected range comprises a r 
CO of about 2:1. 

45 13. The method of claim 4500, wherein the synthesis gas generating fluk 
5 liquid water. 

45 14. The method of claim 4500, wherein the synthesis gas generatr 
steam. 

10 4515. The method of claim 4500, wherein the synthesis gas^enerating fluid comprises 
water and carbon dioxid€7and wherein the carbon dioxid^onhibits production of carbon 
dioxide from carbon containing material within the section. 



45 1 6. The metfiod o£cktftf 45 1 5, wherein a portion of the carbon dioxide within the 
15 synthesis gas gehe^ting fluid ^omprises carbon dioxide removed from the formation. 



4517. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



20 



45 1 8. The method of claim 45 1 7, wherein a portion of the carbon dioxide within the 
synthesis gas generatin^fluid comprises carbon dioxide removed from the formation. 



4519. The method of claim 4500, wherein providing the synthesis gas generating fluid 
25 to the section^omprises raising a water table of the formation to allow water to flow into 
the section., 



30 



4520. /The method of claim 4500, wherein the synthesis gasJsj^moved^fonTaTproducer 
well/equipped with a heating source, andwheFenTa*portion of the heating source adjacent 
to a synthesis gas producingjgertS'operates at a substantially constant temperature to 
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p^ojnlgtej^rodiK^i^of the synthesis gas wherein the synthesis gas has a selectod 
composition. \ 

4521. The method of claim 4520, wherein the substantially constant temperature is / 
about 700 °C, and wherein the selected composition has a H2 to CO ratio of about 2n . 

4522. The method of claim 4500, wherein the synthesis gas generating fluid jeJomprises 
water and hydrocarbons having carbon numbers less than 5, and wherein arleast a 
portion of the hydrocarbons are subjected to a reaction within the sectiwi to increase a H2 
concentration of the generated synthesis gas. / 

4523. T^e method o\claim 4500, wherein the synthesis gas generating fluid comprises 
water ar^tl hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion/of the ly^ocarb^ns react within the section to increase an energy content of the 
synthesis gas ^movecNk^m the formation. / 

4524. TKe method of claim 4500, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

4525. The method of clgfim 4500, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4526. The method of claim 4500, further comprising generating electricity from the 
synthesis ga/ using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



45^7. The method of claim 4500, further comprising using a portiorLof-the synthesis gas 
a combustion fuel to heat the formation. 
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le method of claim 4500, further comprising converting at least a portiorTttfvtfre 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. > 

5 4529. The method of claim 4500, further comprising converting at least a portion ofrthz 
produced synthesis gas to methanol. 



10 



4530. The method^of'claim 4500, further comprising converting 
produced synthesis gas to ga^line. 



least a portion of the 



453 1 . The/method of /laimMSOO, further comprising converting at least a portion of the 
synthesis ^as to methane using a~catalytic,methanation process. 



4532. The s m€thod of claim 45^0, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a'friangular pattern. 



4533. Theinethod of claim 4500, further comprising providing heat from three or more 



.ne^mi 



20 heat sources to at least a portion of the formation, wherein three or more of the heat 
sourpes'are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 




4534. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to substantially 
uniformly increase a permeability of the portion and to increase-a4©mpersnS^oT the 
30"^pOTtion to a temperaUu^^jffJcijei^^ gas generation; 
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providing a synthesisjjas-geflerating fluid to at least the portion of the^&lected 
section, whej^iiHftesynthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the formation; and 

producing synthesis gas from the formation. 



H 

fSST 



4535. The method of^claim 4534, wherein the temperature sufficient to allow synthesis 
gas generation is within \&\range from about 400 °C to ab^ut 1200 °C. 



10 4536. The met 
separated carbo 
coal formation 




34, further comprising using a second portion of the 
e as a flooding agent toproduce hydrocarbon bed methane from a 



4537. The method of claim 453^/wherein the coal formation is a deep coal formation 
15 over 760 m below ground surface. 



4538. The method of claim 4536, wherein the coal formation adsorbs some of the 

/ 

carbon dioxide to sequester the carbon dioxide. 



20 4539. The method of claim 4534, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 



4540. /The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
25 portion of the hydrocarbons undergo a reaction within the selected sectionJojncFease a 
H2 concentration within the produced synthesis gas. 

4541 • The method o£clainr4334 5 wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
30 portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 
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method of claim 4534, further comprising maintaining a pressure withm the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4543. The method of claim 45^5-further comprising generating electricjty from the 
synthesis gas using a fuel co. 

4544. The method daim 4534, further comprising genej?dfing electricity from the 
synthesis gas using; a/fuel cell, separating/Carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the s^arated^rbon dioxide within a spent portion of the 
formation. 

4545. The method of claim 4534, fuptiier comprising using a portion of the synthesis gas 
as a combustion fuel for heating the' formation. 

4546. The method of claim / 4534, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 



4547. The method of claim 4534, further comprising converting at least a portion of the 



produced synthesis gas to methanol. 



4548. The method of claim 4534, further comprising converting at least a portion of the 



produced sy: 



thesis gas to gasoline. 



4549. The method of claim 4534, further comprising convejjktg^tleast a portion of the 
synthesis gas t\methane using a catalytic melhaftafion process. 
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4550. The methodjof^teiHf^ a temperature of the one or mSre heat sources 
weHBore is maintained at a temperature of less than approximately 700 °C to/ produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than abojdt 2. 

455 1 . The method of claim 4534, wherein a temperature of the^erne or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide'of less than about 2. 

4552. The jtfethocHof claim 4534, wherein a tdhperature of the one or more heat sources 
10 wellbore i& maintained at a temperature of^pproximately 700 °C to produce a synthesis 

gas hawng a ratio of \h to carbon mondxide of approximately 2. 



o 

o 
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4553. The method of claim 4534, wherein a heat source of the one or more of heat 
sources comprises an electrical heater. 

4554. The method of,claim 4534, wherein a heat source of the one or more heat sources 
comprises a naturaLdistributor heater. 

4555. The method of claim 4534, wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore/ 



4556. / The method of claim 4534, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4557. The method of claim 4534, further comprisingj#e\l3irig heat from three or more 
30 heat sources to at least a portion ofthguferrfiation, wherein three or more of the heat 

sources arHo cated - i irthgTormation in a unit of heat sources, wherein the unit of heat 
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sources comprises-ari^angular pattern, and wherein a plurality of the unit^re repeated 
. area of the formation to form a repetitive pattern of units. 

4558. A method of in situ synthesis gas production, comprising: 
5 providing heat from one or more flameless distributed combi^ior heaters to at 

least a first portion of a coal formation; 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to rmse a temperature of the selected 
10 section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis gas producing fli^id into the selected section to generate 
synthesis ga^( and 

removing synthesis gas from the fonnation. 

15 4559. The method of claim 4558, wherein the one or more heaters comprise at least two 
heaters, ancKvhprein superpositiotr of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 

20 4560. The method of claim 4558, further comprising producing the synthesis gas from 
the formation underpressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 



4561 . The method of claim 4558, further comprising producing pyrolyzation products 
25 from the formation when raising the temperature of the selected section to the 
temperature /ufficient to generate synthesis gas. 



4562. The method of claim 4558, further comprising sepafafcrtfg a portion of carbon 
dioxide from the removed synthesis gas, and stqrjngilae carbon dioxide within a spent 



30 portion o 



7 the formation. 
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4563. The method of claim 4£S8rftn11ieFcomprising storing^rbon dioxide within a 
spenTgQjlioH^rfTHe^formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater than an amount of carbon dioxide 
within the removed synthesis gas. 

4564. The method of claim 4558, further comprising separating a portion of H2 from th§ 
removed sypthesi^ gas; and using a portion of the serrated H2 as fuel for the one or more 
heaters. 



□ 
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The method of claim 45 6^further comprising using a portion of exhaust products 
one or more hfeatei^as^portion ofrihe synthesis gas producing fluid 

The method of claim 4558/ further comprising using a portion of the removed 
with a fuel cell to'generate electricity. 

/ 

4567. The method of claim 4566, wherein the fuel cell produces steam, and wherein a 



or cla: 



portion of the steam is/used as a portion of the synthesis gas producing fluid. 



4568. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
20 wherein a portion of the carbon dioxide is introduced into the formation to react with 
carbon within the formation to produce carbon monoxide. 



4569. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
storing^an amount of carbon dioxide within a spent portion of the formation equalj 
25 greater to an amount of the carbon dioxide produced by the fuel 1 



4570. The method of claim 4558, further cqppfising using a portion of the removed 




synthesis gas as a feed product for fopaadfion of hydrocarbons 
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4571 . The methetfof claim 4558, wherein the synthesis gas producing fluid comprises 
hydpoeafbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 within the generated synthesis gas. 



lefts 



m 
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4572. The method of claim 4558, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unij/M heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 4573. Their 




4573. The method of claim 4558, further comprising providing heat from three or more 



heat sources to at Beast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4574. A method of treating a coal formation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 
temperature sufficient to pyrolyze hydrocarbons within the portion; 

producing pyrolyzation fluid from the formation; 
20 separating a fuel cell feed stream from the pyrolyzation fluid; and 

directing the fuel cell feed stream to a fuel cell to produce electricity^ 



4575. The method of claim 4574, wherein the fuel cell is a molten carbonate fuel cell. 



25 4576. the method of claim 4574, wherein the fueLe€ll is a solid oxide fuel cell. 



4577. I The method of claim 4574, fur^efcomprising using a portion of the produced 
electricity to power the electrical Ja^aters. 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability/of the portion and to produce a 
substantially uniform permeability within the portion; 



5 4579. The method of claim 4574, wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of Le^ss than 5. 



y 
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4580/ Thetoethod of claim 4574, wherein the fuel cell feed stream comprises H 2 and 
•ocarbons having af carbon number of less than 3. 



45 



The method of claim 4574, further comprising hydrogenating the pyrolyzation 



fluid\dtK a portion of H 2 frcmi the pyrolyzation fluid. 

4582. The method of claim 4574, wherein the hydrogenation is done in situ by directing 
15 the H 2 into the formation. 

4583. The method of claim 4574, wherein the hydrogenation is done in a surface unit. 



4584. The method of claim 4574, further comprising directing hydrocarbon fluid having 
20 carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons to produce H 2? and producing a portion of the hydrogen 
the formation. 



4585. The method of claim 4584, further comprising^irecting an oxidizing fluid 
25 adjacent /to at least the one of the electrical^heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 




4586. TKenTeffiod of claim 4574, further comprising storing C0 2 from the fuel cell 
within the formation. 



30 
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1587. Thc nretftoa~of claim 4586, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 



m 
w 



4588. The method of claim 4574, further comprising cooling the portion to form / a / spent 
5 portion of formation. 

4589. The method of claim 4588, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 



10 4590. The method of claim 4589, further comprising using y a portion of the removed 
steam to heat a second portion of the formation. 

4591 . The method 0/ claim ^589, further comprising using a portion of the removed 
steam as a synthesis gas produqng fluid y/a se90nd portion of the formation. 



15 



4592. The method of daim 4574, fiirthe^comprising: 

heating the portion to a/emperature sufficient to support generation of synthesis 
gas after production of the pyrolyzati^n fluids; 

introducing a synthesis gas producing fluid into the portion to generate synthesis 



20 gas; and 



removing a portion of the synthesis gas from the formation. 



4593. The method of claim 4592, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
25 by passing the produced synthesis gas through a turbine. 



4594. The method of claim 4592, further comprising jjskiga: first portion of the removed 
synthesis gas/as fuel cell feed. 



30 4595. The method of claim^92, further comprising producing steam from operation of 
the fuel cell, and usi&g^fie steam as part of the synthesis gas producing fluid. 
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4596. The mettaJcfof claim 4592, further comprising using carbon dioxjtie from the fuel 
Jsa part of the synthesis gas producing fluid. 

5 4597. The method of claim 4592, further comprising using a pjmion of the synthesis gas 
to produce hydrocarbon product. 



*JLjf 
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4598. The method of claim 4592, further comprisipg cooling the portion to form a spent 
portion of formation. 



4599. TM method of cl 



, wherein cooling the portion comprises introducing 



^rejn 



water intotthe/portion to produce steam, and removing steam from the formation. 



4600. The method of claim 45^9, further comprising using a portion of the removed 
15 steam to heat a second portion of the formation. 



4601 . The method of^elaim 4599, further comprising using a portion of the removed 
steam as a synthesis/gas producing fluid in a second portion of the formation. 



4602. The method of claim 4574, further comprising providing heat from three or more 
heat sourcesrto at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sourcfes/comprises a triangular pattern. 



The 



^pf claim 4574, further 




_ heat from three or 

sources to at least a portion of the formation, wherein thrgej^wnSr^of the heat 
:es are located in the formation in a unit-effieat sources, wherein the unit of heat 
es comprises a triangularpattern, and wherein a plurality of the units are repeated 
e formation to form a repetitive pattern of units. 
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4604 A rnp||inH forig-^Hfrrprr^^ gas from a coaTIormat 

comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources tera selected 
section of the formation such that the heat from the one or more he^t sources pyrolyzes at 
least some of the hydrocarbons within the selected section ofjhe formation; 

producing pv^dlysfe products from the formation* 

heating at ^as^a portion of the selected sectipn to a temperature sufficient to 
generate synthes 

providing a synthesis gas generating^uid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 



□ 
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15 4605. The method of claim 4604/ wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least som^hydrocarbons within the selected section of the 
formation. 

20 4606. The method of claim 4604, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 



4607. The method of claim 4604, further comprising controlling heat transfer from the 
25 one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 



30 



4608. The method of claim 4604, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease wit hin th e~getectecTsection during synthesis gas generation. 
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Telnethod of claim 4604, wherein the temperature sufficienTEo^tinw-s^aithesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 
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4610. The method of claim 4604, wherein heating at least the portion of the select 
section to a temperature sufficient to allow synthesis gas generation comprise^ 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to rzuse temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 
10 introduping^the oxidizing fluid to the zones substantially by diffusion; 

allowing the\5^idizjfng fluid to react with at least a portion of the hydrocarbon 
material within tjie z6nes to produce heat in tm zones; and 

transferriiigjjjeat from the zones tcyrhe selected section. 

15 46 1 1 . The method of claim 4604/wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially be convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
20 to support an oxidization reaction with the oxidizing fluid; and 

reactingihe oxidizing fluid within the portion of the selected section to generate 
heat and rais^xhe temperature of the portion. 



4612. The method of claim 4604, wherein the one or more heat sources comprise one or 
25 more electrical heaters disposed in the formation. 
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4613. The method of claim 4604^herehr5neor more heat sources comprise one or 
more heater wells, wlie^eirfat least one heater well comprises a conduit disposed within 
thkformatioa^nd further comprising heating the conduit by flowing a hot fluid through 
the conduit. 
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le method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a, 
synthesis gas generating fluid to at least the portion of the selected section corppnses 
introducing steam into the portion. 



u 
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4615. The method of claim 4604, further comprising controlling the heating of at least 
the portion of selected section and provision of the syndesis gas generating fluid to 
maint^.a4emperature within at least the portion of/fne selected section above the 
temperature sufficient Jx> generate synthesis ga| 

4pl6. The method of claim 4604, farther comprising: 

monitoring a composition of>me produced synthesis gas; and 
controlling heating of at least the portion of selected section and provision of the 
synthesis gas generating flui^/io maintain the composition of the produced synthesis gas 
within a desired range. 





4617. The method 91 claim 4604, wherein the synthesis gas generating fluid comprises 
liquid water. 



20 4618. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
steam. 



25 



4619. ^The method of claim 4604, wherein the synthesis gas generating fluid comprises 
wateyand carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



4S20. The method otefeim 461 9, wherein a portion of the carbon dioxide within the 
syntlifesis-gaS"generating fluid comprises carbon dioxide removed from the formation. 



Conley, Rose & Tayon, P C. 



4621 . ThejiieAed'OfcIairn 4604, wherein the synthesis gas generating fluid comprise^ 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the y 
formation to generate carbon monoxide. 

5 4622. The method of claim 462 1 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



10 



4623. The method of claim 4604, wherein providing the^ynthesis gas generating fluid 
to at least the portion of the selected section comprises/raising a water table of the 
formation to allow water to flow into the/at least the portion of the selected section. 



15 



water and hydrocarb 



4624. The method hf claim 4604ywherein4he synthesis gas generating fluid comprises 

)0ns"ftavfflg carbon.numbers less than 5, and wherein at least a 
portion of thh hydrocarbons are subjected to a reaction within at least the portion of the 
selected sectic^tpancrease a ^concentration within the produced synthesis gas. 



20 



4625. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and hydrocarbon^having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 



25 



4626. The method of claim 4604, further comprising maintaining a pressure within the 
formatiorfduring synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 



4627. The method of claim 4604, further comprising generating electricity from the 
synthesis gas using a fuel cell. 
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4628. The methoi-otetenfT4S04, further comprising generating electricity from the 
syntnesisgas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide w ithin a spent section of the 




4629. The method of claim 4604, further comprising using a portion of the synthesi^gas 
5 as a combustion fuel for the one or more heat sources. 
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4630. The method of claim 4604, further comprising converting at least^portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischej/a ropsch synthesis 
process. 

463 1 . The mefhod of^lairh 4604, further comprising^on verting at least a portion of the 
produced synthesis gks to^haojfianol. 



4632. The method off claim 4604, further^comprising converting at least a portion of the 
15 produced synthesis gas to gasoline. 



4633. The method of claim 4^04, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



ih 20 4634. The method ofclaim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

/ 

sources comprises a triangular pattern. 



25 4635. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
overan ^area of the foja naiion-to-form a repetitive pattern of units. 
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4636. A^»etKo3fbr in situ production of synthesis gas from a coal formation, 
comprising: 

heating a first portion of the formation to pyrolyze some hydrocarbons wijftin the 
first portion; 

allowing the heat to transfer from one or more heat sources to a seated section 
of the formation, 

pyrolyzing hydrocarbons within the selected section; 

producing fluid from the first portion, wherein the fluid^omprises an aqueous 
fluid and a hy^ocarborTfli 

heating a second portion of the formation to a temperature sufficient to allow 
synthesis gas generation; 

introducing at/least a portion of the aqueous fluid to the second section after the 
section reacftostlje^temperature sufficient tc^illow synthesis gas generation; and 
producing synthesis gas from the/formation. 



4637. The method of claim 463^/wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 



4638. The method of claim 4636, further comprising separating ammonia within the 
aqueous phase from th^ iqueous phase prior to introduction of at least the portion of the 
aqueous fluid to the'second section. 



4639. The method of claim 4636, wherein a permeability of the second portion of the 
formation ^substantially uniform and greater than about 100 millidarcy when the 
temperature sufficient to allow synthesis gas generation is achieved. 



4640. The method of claim 4636, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous 
sectionvto inhibit temperature decrease hrtbe-secCnffsection due to synthesis gas 
generation 
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4641 . The itiethed-ofHamr4636, wherein heating the second portion of the foliation 
"comprises convecting an oxidizing fluid into a portion of the second portion thai is above 
a temperature sufficient to support oxidation of carbon within the portion wrth the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the portj<5n to generate 
heat within the portion. 



OS 



4642. The method of claim 4636, wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zon^s adjacent to wellbores within the 
formation, oxidi^fi^carbon within the reaction zones to generate heat, and transferring 
10 the heat to the second portion. 



15 




4643. The method of Uaim 46fT6, wherein heating the second portion of the formation 

i 7 / 

comprises heatjng the second section by transfer of heat from one or more electrical 
heaters. 

4644, The method of claim 4636, wherein heating the second portion of the formation 
comprises heating the>second section with a flameless distributor combustor. 



4645. The method of claim 4636, wherein heating the second portion of the formation 
20 comprises inj ecting steam into at least the portion of the formation. 



4646. ^Phe method of claim 4636, wherein at least a portion of the aqueous fluid 
comprises a liquid phase. 



25 4647. The method of claim 4636, wherein the aqueous fluid comprises a vapor phase. 



4648. The method of claim 4636, further comprisifrg^3ding carbon dioxide to at least 
the portion of aqueous fluid to inhjbit^foduction of carbon dioxide from carbon within 
the formation. 
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4649. The method of claimj^4^wl 
carbon dioxiHeremoved from the formation. 



in-a-portion-oflhe-carboi^diox-ide-c 



4650. The method of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a 
concentration within the produced synthesis gas. 



465 1 . The method of claim 4636, further^comprising adding^drocarbons with carbon 
numbers less than 5 to at least the portion of the aqueous fKud to increase a H2 
concentration within/the produced sj^ithesis gas, whepdin the hydrocarbons are obtained 



from the produced fl 



lid. 



4652. The method df cl^lim 4636, further,comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous flpia to increase energy content of the produced 
synthesis gas. 



4653. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 



4654. The method of claim 4636, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 



4655. The /method of claim 4636, further comprising generating electricity from the 
synthesisias using a fuel cell. 



4656. /The method of claim 4636, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating^ 
and storing a portion oft 
format! 



STrom a fluid exiting the fuel ceII7 
Crated carbon dioxide within a spent portion of the 
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^^JQiejnetho d of claim 4 63 6, - farther com prisiogjisinga portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5 4658. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthes 
process. 



4659. The method of claim 4636, further comprising converting ap^ast a portion of the 
10 produced synthesis gas to methanol. 




further comprising converting at least a portion of the 



4660. The method 
produced synthes 



1 5 466 1 . The method ofclaim 4636, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytio^nethanation process. 



m 

P 
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4662. The method of claim 4636/iurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4663. The method of claim 4636, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
25 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an a/ea of the formation to form a repetitive pattern of units. 



4664. [A method for in situ gpidttctionof synthesis gas from a coal formation, 
30 comprisi 
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increased and substantially uniform permeability within a portion of the formation and 
raise a temperature within the portion to a temperature sufficient to allow synthesis 
generation; 

providing a synthesis gas generating fluid into the portion through aUfcast one 
injection wellbore to generate synthesis gas from hydrocarbons and the^synthesis gas 
generating fluid; and 

producing synthesis gas from at least one heat source^wellbore in which is 
positioned proximate to a heat source of the one or more heat sources. 

4665. The method^of-daim 4664, wherein the ten^erature sufficient to allow synthesis 
gas generation is Within a range from about 400/C to about 1200 °C. 



4666. The method of cl^im>ro64 ? wherein creating a substantially uniform permeability 
comprises heatinj^th^ portion to a temperature within a range sufficient to pyrolyze 
hydrocarbons within the porfion^raising the temperature within the portion at a rate of 
less than about 5 °C per day during pyrolyzation and removing a portion of pyrolyzed 
fluid from the formation. 



4667. The method of/claim 4664, further comprising removing fluid from the formation 
through at least the/ne injection wellbore prior to heating the selected section to the 
temperature sufficient to allow synthesis gas generation. 



4668. The method of claim 4664, wherein the injection wellbore comprises a wellbore 



of a heat source in which is positioned a heat source of the one or more heat sources. 



4669. The method of claim 4664, further comprising heating the selected portion during 



providing the synthesis gas generating^^ decrease in at least the 

portion of the selected sectipBhdu^to^ynthesis gas generation. 
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4670. The method of claim 4664, further comprising providing a portion of the heat 
needed to raise the temperature^ufSe kn t to allow -synfeesis^as^generation by convecting 

lizing fluid to hydrocarbons within the selected section to oxidizea^portion of the 
hydrocarbons and generate heat. 



m 
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4671 . The method of claim 4664, further comprising controlling the heating of tl 
selected section and provision of the synthesis gas generating fluid to maintain ; 
temperature within the selected section above the temperature sufficient to generate 
synthesis gas. 

4672. The method of claim 4664, further comprising: 
monitoring a composition of the produced synthesis ga£; and 
controlling heating'of the selected section and prpXasion of the synthesis gas 

generating fluid to maintain the composition of the jw^duced synthesis gas within a 
desired range. 

4673. The method of claim 4664, whep^in the synthesis gas generating fluid comprises 
liquid water. 



20 4674. The method of claim/4664, wherein the synthesis gas generating fluid comprises 
steam. 



15 



25 



4675. The methocLof claim 4664, wherein the synthesis gas generating fluid comprises 
steam to heat the/selected section and to generate synthesis gas. 

4676. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and/carbon dioxide. 



4677. /The method of claim 4676, wherein a portion of the carbon dioxide comprises 
30 carbon idioxide removed fixnn-fee-fbrrnafion! 
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46% 8. The m^ho d^o&c\^hfn(6S4. wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon )n the 
formation to generate carbon monoxide. 



4679. The method of claim 4678, wherein a portion of the carbcjn dioxide comprises 
carbon dioxide removed from the formation. 



4680. The method of claim 4664, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water-table of the formation to allow water to 
enter the selected section. 



, wherein the synthesis gas generating fluid comprises 
carbon numbers less than 5, and wherein at least a 
rocarbons undergo a reaction within the selected section to increase a 



468 1 . The m^hod of claim 
water and hydrocarbons 
portion ol 



/ 



H2 concemration within the produced synthesis gas. 



4682. The method of,elaim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 



4683. The method of claim 4664, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine^to generate electricity. 



4684. The method of claim 4664, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



,4685. The method of claim 4664, further^oom^ri^inggenerating electricity from the 
synthesis gas using a fue]jceH7*3eparating carbon dioxide from a fluid exiting the fuel cell, 
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a portion of the separated carbon dioxide within a spent portion oTfrle 



: _ : 



ttss, 
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formation. 



4686. The method of claim 4664, further comprising using a portion of the synthesis ; 
5 as a combustion fuel for heating the formation. 




4687. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer- Jfopsch synthesis 
process. 

4688. The method jfif claim 4664, further comprising 9onverting at least a portion of the 
produced synthesis/gas\o methanol. 



4689. The method of claim 4664, further><x>mprising converting at least a portion of the 
15 produced synthesis gas to gasoline. 

4690. The method of claim^664, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



20 469 1 . The method of claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 



46^2. The method of claim 4664, wherein a temperature of at least the one heat source 
25 wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 



4693. The method of claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
.30 gas having a ratio of H 2 to carbon monoxide of approximately 2. 
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4694. Th e method of rlaim 4664 , wh erein a heat s ource of the one or more heat sources 
comprises an electrical heater. 

4695. The method of claim 4664, wherein a heat source of the one or more heat^stfurces 
5 comprises a natural distributor heater. 



10 



4696. The method of claim 4664, wherein a heat source of the one :>r more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a^eonduit positioned within the 
wellbore. 



r 3 



4697. Th^metlW of claim 4664, further comprising providing heat from three or more 
heat sources to at least a portion'of the formation, wherein three or more of the heat 
sources are loq/at^d in the fprfnation i^a'unit of heat sources, and wherein the unit of heat 
1 5 sources .bomj/rises a triangular patter- 



Ill 
O 



4698. The method of claim^b64, further comprising providing heat from three or more 
heat sources to at least abortion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
20 sources comprises ^triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4699. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
/least a portion of hydrocarbon material within the selected section of the formation; 
producing pyrolysis products from the formation; 
30 V heating a first portion of a formation with one or more heat sources to a 

temperature sufficicnH o-aifuw generation of synthesis gas; 
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providing a first s ynthesis g as generating .fluid to the first portion to generate a 
first synthesis gas; 

removing :a portion of the first synthesis gas from the formation; 

heating a second portion of a formation with one more heat sources to a 
temperature sufficient to allow generation of synthesis gas having a H2 to CO r^do 
greater than a H2 to CO ratio of the first synthesis gas; 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removipg~a^ortion of the second synthesis gas from fl^formation; and 

blending a portion of the first synthesis gas with aportion of the second synthesis 
gas to produce afblended synthesis gas having a selected H2 to CO ratio. 

4700. The method of clainf4699, wherein the^bne or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrqp^irbons within the selected section of the 
formation. 



4701 . The method of claim 4699, wherein the first synthesis gas generating fluid and 
second synthesis gas generating fluid are the same component. 



4702. The method of claim 4699, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 



4703. The method of claim 4699, further comprising controlling the temperature in the 
second portion to control a composition of the second synthesis gas. 



4704. /The method of claim 4699, wherein the selected ratio is controlled to be 
approximately 2:1 H2to CO. 




4705. Tne^nethod of claim 4699, whereix 



atiols controlled to range from 



approximately 1.8:1 to approximately 2.2:1 H2to CO. 
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4706. The methodofclair 
approximately 3:1 F^to CO. 



)Hed to be 



4707. The method of claim 4699, wherein the selected ratio is controlled to rangj^n-om 
approximately 2.8: 1 to approximately 3.2: 1 H2 to CO. 



4708. The method of claim 4699, further comprising providing atTeast a portion of the 
produced Wended^jo^hesis gas to a condensable hydrocarbpfi^synthesis process to 
produce condensable hydrocarbons. 




4709. The method oisQlaim 4708, wl)jer6in the condensable hydrocarbon synthesis 
process 



comprises a Fischer-Tropsch process. 



4710. The method of claim 47^9, further comprising cracking at least a portion of the 
condensable hydrocarbons to/form middle distillates. 



471 1 . The method of^claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 



4712. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process to produce methanol. 

4713. /The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 



4714. The method of claim 4699, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to producej 
synthesis gas having the H2 to CO ratio greate^Jhe-^n^TsyrShesis gas. 
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4715k^ The method qf clajin^99rwhefein the first synthesis gas producing flu!3 
comprises C0 2 and wherein the temperature of the first portion is at a temperature that 
will result in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. 



id 
.a 

m 
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4716. The method of claim 4699, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and whereof at 
least a portion of the hydrocarbons react within the formation to increase a 
concentration within tne produced second synthesis gas. 



4717. The method ol 



claim 




4fc$9, whei^ifi blending a portion ofKhe first synthesis gas 
with a portion of the second Jsynthesis gas comprises produc^g an intermediate mixture 
having a H2 to CO mixture^of less than the selected ratio/and subjecting the intermediate 
mixture to a shift reaction to reduce an amount of C£j and increase an amount of H2 to 
produce the selected ratio of H2 to CO. 



si 3 



a 
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471 8. The method of claim 4699, furtherxomprising removing an excess of first 
synthesis gas from the first portion toJiave an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce an^mount of CO and increase an amount of H2 before 
blending the first synthesis gas/with the second synthesis gas. 



25 



4719. The method of cimm 4699, further comprising removing the first synthesis gas 
from the formation uimer pressure, and passing removed first synthesis gas through a 
turbine to generate/electricity. 



4720. The method of claim 4699, further comprising removing the second synthesis gas 
from the fomiation under pressure, and passing removed second synthesis^gasJhrou^-a- 
turbine to generate electricity. 



30 
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4 721 . The method o f Af &q r further r.nmprising generating electricity from the 
blended synthesis gas using a fuel cell. 



10 



4722. The method of claim 4699, further comprising generating electricity from the^ 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid editing the 
fuel cell, and storing a portion of the separated carbon dioxide within a sp^nfportion of 
the formation. 




4723. The method of claim 4699, further comprising using ar least a portion of the 



blended synthesis gas as a combustion fuel for heating theTormation. 



15 



4724. Themet^ 
the one or more 
permeability of t 



sou 



laim 4699, further C9mprising allowing the heat to transfer from 
vces to the selegt^d section to substantially uniformly increase a 



4725. The method of claim 4699, ftirther comprising controlling heat transfer from the 
one or more heat sources to pro^tice a permeability within the selected section of greater 
than about 100 millidarcy. 



20 4726. The method of claim 4699, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 



4727. The/method of claim 4699, wherein the temperature sufficient to allow synthesis 
25 gas generation is within a range. from approximately 400 °C to approximately 1200 °C. 



30 



4728. The method of claim 4699, wherein heating the first a portion of the selected 
^ection to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of tue- 
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zones, to temperatures sufficienUo3ippoFH ! ea^ material within the 

zoTies-witJx^ft-oxrdizingfl 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrop^rbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



•r- 
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4729. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas^generation comprises: 

heating zones adjacent to wellbore^of one onmore heat sources with heaters 
disposed in the well :>orj^wherein^^ ai^configured to raise temperatures of the 

zones to temperatures su - * " " " : r L 



support reaction of hydrocarbon material within the 



zones with an oxidizmg fluid; 

introducing the oxidizing fluic^to the zones substantially by diffusion; 

allowing the oxidizing fluid/to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zon^s to the selected section. 



4730. The method of claim 4699, wherein heating the first portion of the selected 
20 section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing'an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially by convection into the first portion 
of the selected^section, wherein the first portion of the selected section is at a temperature 
sufficient to^support an oxidization reaction with the oxidizing fluid; and 
25 reacting the oxidizing fluid within the first portion of the selected section to 

generate heat and raise the temperature of the first portion. 
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473/1 . The method of claim 4699, wherein heating thejgcoud^t5Ffion of the selected 
section to a temperature sufficient toaUpw-synthesis gas generation comprises: 
introducing an oxjdizxfigfluid into the formation through a wellbore; 
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transporting theo^ddizmg^luiS^ubstantially by convection lnttrthe^econd 
poiliOG-efllie^elected section, wherein the second portion of the selected section^at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 
reacting the oxidizing fluid within the second portion of the selected section to 
generate heat and raise the temperature of the second portion. 



4732. The method of claim 4699, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 



10 4733. The method of claim 4699, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 
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4734. The method of cl^aim 4699, wherein the one or mpfe heat sources comprise one or 
more heater Wells jwRef^ one heater weU^omprises a conduit disposed within 

the formation/Wl further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



20 



4735. The method of claim 4699^\vherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 



25 



4736. The method^ claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 



4737. The method of claim 4699, further comprisin g controlling the heating of the first 



portion of selected section and provision of the first synthesis gas generating fluid to 
30 maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4 738. The method J>£xMm4499rfart lit ; i c om pifsii lg coiil i olling Ihe^eatmg^aLthe 
second portion of selected section and provision of the second synthesis gas generating 
fluid to maintain a temperature within the second portion of the selected ^ection above 
the temperature sufficient to generate synthesis gas. 

4739. The method of claim 4699, wherein the first synthesi^as generating fluid 
comprises liquid water. 



f! 



10 4740. The method of claim 4699, wherein the secpftd synthesis gas generating fluid 
comprises liquid water. 



4741. Thembthod 
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comprises steaj^i^ 



of omm-4699, wherein the first synthesis gas generating fluid 



4742. The method of claim 46^9, wherein the second synthesis gas generating fluid 
comprises steam. 

4743 . The method of cl^im 4699, wherein the first synthesis gas generating fluid 
20 comprises water an^carbon dioxide, wherein the carbon dioxide inhibits production of 

carbon dioxide from the selected section. 



25 



4744. The method of claim 4743, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 



4745. The method of claim 4699, wherein the second synthesis gas generating fluid 



comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selegled-seetkrrr 
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4746. The method of claim 4745,wherd^ the 
se£ondj>jjithes^ carbon dioxide removed from the 

formation. 



4747. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxi^eTeacts with carbon 
in the formation to generate carbon monoxide. 

4748. The methjod if cH^im 4747, wherein a portion ofjlie carbon dioxide within the 
10 first synthesis ga$ ge^eratingTluid comprises carborvdioxide removed from the 

formation. 



4749. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and whereina portion of the carbon dioxide reacts with carbon 
15 in the formation to generate carbon monoxide. 



20 



4750. The method of claim 4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 



475 1 . The method of claim 4699, wherein providing the first synthesis gas generating 
fluid to the^first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 



25 4752. The method of claim 4699, wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected-section. 



4^Sv^Daej3aethod-of^laim 4699, wherein the first synthesis gas generating fluid 
30 comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
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least aj wrtionj)^ ar e subjected to a rea ction within the fi* st--patliiMLQf 

the selected section to increase a H2 concentration within the produced first synthesis gj 

4754. The method of claim 4699, wherein the second synthesis gas generating^fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and/wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H2 concentration within the prpduced second 
synthesis gas. 



10 4755. The method of cjaink4699, wherein the first synthesis gas generating fluid 



ons having/carbon numbers greater than 4, and wherein at 



comprises water and hwro Jaraons naving/CarDon numt 
least a portion of the hydrocarbonsTeact within the first portion of the selected section to 
increase an energy content of the produced first synthesis gas. 



15 4756. The method of claim 4699, wherein the second synthesis gas generating fluid 

comprises water and hydrocarbons/having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within at least the second portion of the selected 
section to increase an energy/content of the second produced synthesis gas. 



20 4757. The method of^claim 4699, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced blended synthesis gas 
through a turbine'xo generate electricity. 



4758. Theonethod of claim 4699, further comprising generating electricity from the 
25 blended synthesis gas using a fuel cell. 
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4759. The method of claim 4699, further comprising generating electricity from the 



blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fubl cell, and storing a^gortion-offHe^eparated carbon dioxide within a spent section of 
thelfbrmatloh. 
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4760^JTl^^ comprising using a portion of thel 

synthesis gas as a combustion fuel for the one or more heat sources. 



ided 



4761 . The method of claim 4699, further comprising using a portion of the first 
5 synthesis gas as a combustion fuel for the one or more heat sources 

4762. The method of claim 4699, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 



'•SX7 



1 0 4763 . The method of clai^n 4699/ further comprising using a portion of the blended 



synthesis gas as a combustion fii^l for the one^r more heat sources. 




4764. A method on treating a coal formation in situ, comprising: 



providing heat from one or more heat sources to at least a portion of the 
15 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
' section of the formation such'that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 
producing pyrolysis products from the formation; 
20 heating at least a portion of the selected section to a temperature sufficient to 

generate synthesis,gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a selected H 2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
25 section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 
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4765. /The method of claim 4764, wherein the one or more heat sources comprise at 
least^two heat sources, and wherein superposition of heatfr^^ 
sources pyrolyzes at least some hydrocarbons3vithin**the selected section of the 



formation. 
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4766. The meth odjo£^laiffl-4?M ? wherein the selected ratio is controlled to be" 
approximately 2:1 H2 to CO. 



5 4767. The method of claim 4764, wherein the selected ratio is controlled jo range from 
approximately 1.8:1 to approximately 2.2:1 F^to CO. 



10 



4768. The method of claim 4764, wherein the selected ratio is controlled to be 
approximately 3: IH2 to CO. 

4769. The method lof claim 4764, wherein the selected^ ratio is controlled to range from 



approximately 2.8:1 



4770. The method 



to approximately 3.2:1 H^to GO. 



of cmigi47£4; further comprising providing at least a portion of the 
1 5 produced syntnesis gas to a condensabyfiydrocarbon synthesis process to produce 
condensable hydrocarbons. 



4771 . The method of claim 4770, wherein the condensable hydrocarbon synthesis 
process comprises a Fische^Tropsch process. 

20 

4772. The method of/claim 4771, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4773. The memod of claim 4764, further comprising providing at least a portion of the 
25 produced synthesis gas to a catalytic methanation process to produce methane. 

4774. Trie method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 



30 4775. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4726 — Ihe-metftocfof claim 4764, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly^ncrease a 
permeability of the selected section. 



10 



4777. The method of claim 4764, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4778. The method of claim 4764, further comprising heating at least the portion of the 
selected section When providing the syn^tfesis gas generating fluid to inhibit temperature 



decreas 



within 



i\ / 

th^elec 



ected section during synthesis gas generation. 



4779. ThfeTnethod of claim^v64, wherein the temperature sufficient to allow synthesis 
15 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



20 
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4780. The method^of claim 4764, wherein heating at least the portion of the selected 
section to a temoerature sufficient to allow synthesis gas generation comprises: 

heating/zones adjacent to wellbores of one or more heat sources with heaters 
disposed in t^e wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
laterial within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 
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4781 . The method of claim 4764, wherein heatin^afTeast the portion of the selected 
section to a temperature sufficiently allow synthesis gas generation comprises: 
introducing^aR-dXiBizing fluid into the formation through a wellbore; 
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transportingJhe-o?ei^^ by convection into the portion/bf the 

s^tecteffsection, wherein the portion of the selected section is at a temperature^fficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected^ction to generate 
heat and raise the temperature of the portion. 

4782. The method of claim 4764, wherein the one orjriore heat sources comprise one or 
more electrical heaters disposed in the 7 formation. 



m 
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4783. Them 



or more natur; 



thodfpf claim 4764, wherein/fhe one or more heat sources comprises one 



4784. The mei^ioji of claim 476#, wherein the one or more heat sources comprise one or 
more heater wells, wherein at/feast one heater well comprises a conduit disposed within 
the formation, and further/^mprising heating the conduit by flowing a hot fluid through 
the conduit. 
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4785. The method of claim 4764, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas/generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



25 



4786. /The method of claim 4764, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



30 



1787. The method of claim 4764, whereinj 
liquid water. 




rrrgaTgenerating fluid comprises 
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^4788: rHemethod of claim 4764, wherein the syn3ieS?*gas^generating fluid comprises 
steam. 



4789. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



a 
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4790. The method of claim 4789, wherein a portion/of the carbon dioxide within the 
synthesis gas genejating fluid comprises carbon ^Hoxide removed from the formation. 

4791 . The method of claim 4764, wherein the synthesis gas generating fluid comprises 



carbon dioxic 



wftej^in^-portion the carbon dioxide reacts with carbon in the 



formation to generate carbon monoxide. 

1 5 4792. The method of claim 479 1 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fhlid comprises carbon dioxide removed from the formation. 



s W 

a*" 

ss?3» 
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4793. The method oi claim 4764, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 

20 formation to allow water to flow into the at least the portion of the selected section. 

4794. Theinethod of claim 4764, wherein the synthesis gas generating fluid comprises 
water andvnydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 

25 selected section to increase a H2 concentration within the produced synthesis gas. 



30 



4793. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
waijer and hydrocarbons having carbon numbers greater than 4, and whereir^aUe^a^ 
portion of the hydrocarbons react within at least the portion ofthe-selected section to 
increase an energy content of the produced-synthesis gas. 
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4796. The methodj)f^ the 
formation during synthesis gas generation, and passing produced synthesis gas though a 
turbine to generate electricity. 

5 4797. The method of claim 4764, further comprising generating el^tricity from the 
synthesis gas using a fuel cell. 



m 
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4798. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fSfelcell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon diox^ae within a spent section of the 
formation. 




4799. The method of claim 4754, further comprising using a portion of the synthesis gas 
as a combustion fueN^rjPhe one or m^re heat sources. 

4800. A method of treating a coal formation in situ, comprising: 
providing heat from o/it or more heat sources to at least a portion of the 

formation; 

allowing the heat4o transfer from the one or more heat sources to a selected 
section of the formatip^i such that the heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section of the formation; 

producing/pyrolysis products from the formation; 

heatingyat least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

^trolling a temperature in or proximate to a synthesis gas production well to 
generate/synthesis gas having a selected H2 to CO ratio; 

/providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 



producing synthesis gas fror 



fermatronr 
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; method of claimj$l)£^-w^^ one or more heat sources comprise at 
ieaTsources, and wherein superposition of heat from at least the two hem 
sources pyrolyzes at least some hydrocarbons within the selected section ojMhe 
formation. 

4802. The method of claim 4800, wherein the selected ratiq^ controlled to be 
approximately 2:1 H^to CO. 



4803. The method of claim 4800, wherein the selected ratio is controlled to range from 
10 approximately 1 .8: 1 to approximately 2.2: 1 IMo CO. 




4804. [The m,etlktd of ch^im 4800, wherein the selected ratio is controlled to be 
approxirhately 3:1 Hbto CO. 



15 4805. The method of claim #800, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to CO. 



U 
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4806. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis/gas to a condensable hydrocarbon synthesis process to produce 
20 condensable hydrocarbons. 



4807. The method of claim 4806, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

25 4808. /The method of claim 4807, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 



30 



4809. The method of claim 4800, further comprising providing at least a portion of the 
roduced synthesis gas to a catalytic methanation process to prodiice-methane: 
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fiTfO. The method of claim 4800, further comprising providing at least a portioj^of the 
produced synthesis gas to a methanol-synthesis process to produce methanol 

481 1 . The method of claim 4800, further comprising providing at/least a portion of the 
5 produced synthesis gas to a gasoline-synthesis process to prochice gasoline. 



O 

m 



10 



4812. The method of claim 4800, further comprising allowing the heat to transfer from 

/ / / 

the one /or more heat sources to the selected sectioryro substantially uniformly increase a 

permeability ofihe\selected septfon. 



4813. The method of claim 4800, further comprising controlling heat transfer from the 
one or more heat sources to produce a, permeability within the selected section of greater 
than about 100 millidarcy. 



if* 

; - 5 



15 4814. The method of claim,4800, further comprising heating at least the portion of the 
selected section when proyiding the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 



is b 



4815. The metlK^f claim 4800, wherein the temperature sufficient to allow synthesis 
20 gas generation is/within a range from approximately 400 °C to approximately 1200 °C. 



48 1 6. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
25 disposed in the wellbores, wherein the heaters are configured to raise^tem^eratures of the 
zones to/temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluMjte-tfie zones substantially by diffusion; 

to react with at least a portion of the hydrocarbon 
30 material witKinthe zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 
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48 1 7. The method^ofclainaJ^ of the selected 
sectijm^oTtemperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature suffici^i 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portionxOf the selected sectipn'to generate 
heat and raise the ^rnperature of the portion. 

4818. The me/hod of claim 4800, whereifi the one or mpre heat sources comprise one or 
more electrical heateKdisposedJj>tfte formation. 



4819. The method of claim 4800, wherei: 
15 or more natural distributor combustors- 



10 




one or more heat sources comprises one 



m 

spa 



4820. The method of claim 4800, wherein the one or more heat sources comprise one or 



more heater wells, wherein/at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
20 the conduit. 



4821. The method of claim 4800, wherein heating at least the portion of the selected 
section to ^temperature sufficient to allow synthesis gas generation and providing a 
synthesis/gas generating fluid to at least the portion of the selected section comprises 



25 introducing steam into the portion. 



482'2. The method of claim 4800, further comprising controlling the heating of at least 
tl^e portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the_ 
30 temperature sufficient to generate synthesis 
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4823. The: 
liquid water. 



~5f claim 4800, wherein the synthesis gas generating fluid comprises 



4824. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
5 steam. 



4825. The method of claim 4800, wherein the synthesis gas generatinjg'fluid comprises 
water and carbon dioxide. 

10 4826. The method of claim 4825, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 




4827. Themetho*iofclaim48 
carbon dioxide, and 



wherein the synthesis gas generating fluid comprises 
a portion of the carbon dioxide reacts with carbon in the 



15 formation to generate carbon monoxide. 



4828. The method of claim 4827, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



20 4829. The method of claim,4800, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



4830. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
25 water and hydrocarbons having carbon numbers less than 5, and wherein at least a 

portion of the'hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 



30 



4831. /The method of claim 4800, wherein the sj^hesk-gargenerating fluid comprises 
water/and hydrocarbons having^ajpfeorfnimibers greater than 4, and wherein at least a 
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portion of the hydrocarbons react w ithin at least the 
i ncrease _a rueRefgrcontentof the produced synthesis gas. 



the selected section to 



4832. The method of claim 4800, further comprising maintaining a pressure^ymhin the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 



10 



15 



0 20 
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4833. The meted of claim 4800, further comprising generating electricity from the 
synthesis £as using a fuel cell. 

4834. Tlie metood of claim 4809,-further composing generating electricity from the 
synthesis\gas udinglHttet^eU, separating cajraon dioxide from a fluid exiting the fuel cell, 
and storings4jK)rtion of the separated cajkfon dioxide within a spent section of the 
formation. 



4835. The method of claim 4800, further comprising using a portion of the synthesis gas 
as a combustion fuel for throne or more heat sources. 

4836. A method of treating a coal formation in situ, comprising: 
providing l^eat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section ojKhe formation such that the heat from the one or more heat sources pyrolyzes at 
least s/ime of the hydrocarbons within the selected section of the formation; 
producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H2 to CO ratio different than a selected H2 to COratio; 

providing a synthesisj*as-gen^ of the selected 

section to generate synthesis gas; and 
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producing synthesis-gas^rom tfieformation; 
^^^ffXfviSing at least a portion of the produced synthesis gas to a shift process^ 
wherein an amount of carbon monoxide is converted to carbon dioxide; 

separating at least a portion of the carbon dioxide to obtain a gas having ^selected 
H 2 to CO ratio. 



I s 



4837. The method of claim 4836, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from^f least the two heat 
sources pyroiyzes at least some hydrocarbons within the ^dected section of the 
formation. 




10 



4838. Thjb meth6d oftlaim 4836, wherein >fte selected ratio is controlled to be 
approximately 2/1 H2 to CO. 

15 4839. The method of claim 48^6, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to 2.2:l/H2to CO. 



?ssf 



4840. The method of ;laim 4836, wherein the selected ratio is controlled to be 
approximately 3.I/H2 to CO. 

20 

4841 . The ^method of claim 4836, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.2:1 H 2 to CO. 

484Z The method of claim 4836, further comprising providing at least a portion of the 
25 pcoduced synthesis gas to a condensable hydrocarbon synthesis process to produce 
Condensable hydrocarbons. 

4843. The method of claim 4842, wherein the condensable hydrocarb on synthesis 
process comprises a Fischer-Tropsch 
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4844. The metho d of claim 484 ^ , fisher cnmpp^infy rrarkino at least a portion of the 
— GeftdeflsaHlThydmcarbons to form middle distillates. 

4845. The method of claim 4836, further comprising providing at least/a portion of the 
produced synthesis gas to a catalytic methanation process to produc^methane. 

4846. The method of claim 4836, further comprising provuimg at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 



4847. Tj^e-m^thod of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis/process to produce gasoline. 

I 7 

484^. Th^inethod of claim 4836, furtfjer comprising allowing the heat to transfer from 
the o le or mobeJigat^sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 



'4849. The method of clahn 4836, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4850. The memod of claim 4836, further comprising heating at least the portion of the 
selected secnon when providing the synthesis gas generating fluid to inhibit temperature 
decreaseywithin the selected section during synthesis gas generation. 

48^1. The method of claim 4836, wherein the temperature sufficient to allow synthesis 
generation is within a range from approximately 400 °C to approximately 1200 °C. 



4852. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow s^ithesis-gaHi^AuaLiuil UuiiipxLu>. 

heatingzonss-a^ceflTEowellbores of one or more heat sources with heaters 
lisposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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^onesJ flJ^ffipcraTIires sufficient to support reaction of hydrocarbon material" 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



lei 



Q 
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4853. The method of claim 4836, wherein heating at least the portion of the ^elected 
section to a temperature sufficient to allow synthesis gas generation conjpfrses: 

10 introducing a^oxidizing fluid into the formation through a^tfellbore; 

transporting the oxidizing fluid substantially by conv^efion into the portion of the 
selected section, whereinVhe portion of the selected secjidn is at a temperature sufficient 
to support an oxidization re&Qtion with th^^idizintfrluid; and 

reacting the^wodizing fluid within the portion of the selected section to generate 
15 heat and raise the temperature of the portic 

4854. The method of claim 4836ywherein the one or more heat sources comprise one or 
more electrical heaters disposed/in the formation. 

20 4855. The method of claim 4836, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 



25 



4856. The method of claim 4836, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



30 



485v. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
/synthesis gas generating fluid to ayeast-the^ortloh of the selected section comprises 
introducing stegxnr4iitOThe portion. 
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4858. The method of claim 4836, further comprising controlling the heating of at least 
fee portion ftf sf* w tH section and pr^visi^n thp ^yntVip^k pas generating fluid to 
maintain a temperature within at least the portion of the selected sectionaBox 
temperature sufficient to generate synthesis gas. 

4859. The method of claim 4836, wherein the synthesis gas generating fluid comprise^/ 
liquid water. 

4860. The method of claim 4836, wherein the synthesis gas generating flyicl comprises 
steam. 



4861 . The method of c/aim 483(6, wherein the synthesis gas generating fluid comprises 
water and carbon dioxipe, wherein the cardan dioxide inhi]>its production of carbon 
dioxide from the selected sec/ion. 



4862. The method of claim 4861, wherein a poj?flon of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4863. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a potion of the carbon dioxide reacts with carbon in the 
formation to generate carbon numoxide. 

4864. The method of izlaim 4863, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4865. The method of claim 4836, wherein providing the synthesis gas generating fluid 
to at least tne portion of the selected section comprises raising a water table of the 
formation to allow water to flo\ 



"STIeastthe portion of the selected section. 
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4866. The method of claim 4836, wherein the synthesis gas gener ating fluid comprises 

fr and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion ofcthe 
selected section to increase a H2 concentration within the produced synthesis ads. 



4867. The method of claim 4836, wherein the synthesis gas generatkig fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, am wherein at least a 
portion of the hydrocarbons react within at least the portion pf the selected section to 
increase an^nergy cojitent of the produced synthesis gas^ 

4868. Tie methcid\of claim 4836, further comprising maintaining a pressure within the 
formatiofi during syndesis gasgeiieration, and/passing produced synthesis gas through a 
turbine ti gene/ate electricity. 



4869. The method of claim 4836, 
synthesis gas using a fuel cell. 



ler comprising generating electricity from the 



4870. The method of claim ^836, further comprising generating electricity from the 
synthesis gas using a fuel pell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of Jhe separated carbon dioxide within a spent section of the 
formation. 

4871. The method/of claim 4836, further comprising using a portion of the synthesis gas 
as a combustion rael for the one or more heat sources. 



4872. A method of forming a spent portion of formation within a coal formation, 
comprising: 

heating a first portion of the formation to pyrolyze hydrocarbons within the first 
portion ana to establish a substantially uniform permeability within the first portion; and 
copling the first portioj 
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4873. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more electricalKeafeT 

4874. The method of claim 4872, wherein heating the first portion comprises 
5 transferring heat to the first portion from one or more natural distributor combu^ors. 



hi 
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4875. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more flameless distributor combustors. 

10 487# The methdjd of claim 4872, wherein heating the fir*st portion comprises 

brtion from heat transfi^iluid flowing within one or more 
ation. 

4877. ^The method of claim 4876, whereh^the heat transfer fluid comprises steam. 

4878. The method of claim 4876, ^erein the heat transfer fluid comprises combustion 
products from a burner. 

4879. The method of claim y4872, wherein heating the first portion comprises 
20 transferring heat to the first portion from at least two heater wells positioned within the 

formation, wherein the a? least two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the/base heater unit is formed of a number of heater wells. 



25 4880. The method of claim 4879, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 
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4881. Themettfod 
through one or njore 



of claim 4879, further comprising removing 
production wells. 
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4887 , Tim m^thfi "fHnim 1881,, wh rrHnJjiPnnp or more production wells are located 
in a pattern, and wherein the one or more production welir^TJOsitiQned substantially at 
centers of base heater units. 

5 4883. The method of claim 4879, wherein the heater unit comprises three hea^r wells 
positioned substantially at apexes of an equilateral triangle. 



c - 
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4884. The method of claim 4879, wherein the heater unit compiles four heater wells 
positioned substantially at apexes of a rectangle. 

4885. The method of claim 4879, wherein the heater/tmit comprises five heater wells 
positioned substantially at apexes of ^regular pentagon. 




4886. The n^ethod ofclaim 4879, whereirrfhe heater unit comprises six heater wells 
15 positioned substantially at apexes of a regular hexagon. 

4887. The method of claim 487^; further comprising introducing water to the first 
portion to cool the formation. 



20 4888. The method of cla^n 4872, further comprising removing steam from the 
formation. 

4889. The method otfclaim 4888, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 



25 



4890. The method/of claim 4872, further comprising removing pyrolyzation products 
from the formation! 



4891 . The method of claim 4872, further comprising gengrating^ynthesis gas within the 
30 portion by introducing a synthesis gas genetatkl^nuid into the portion, and removing 
synthesis gas from4he format 
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4892. The method of claim 4872, further comprising heating a second section of the 
-fuii naliuirc o pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
fluid from the second portion, and storing a portion of the removed pyrolyzation fluid/^ 
within the first portion. X 

4893. The method of claim 4892, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process die removed 
pyrolyzation fluid are not able to process the portion of the remoyed pyrolyzation fluid. 

4894. The method of claim 4892, further comprising he^ong the first portion to 
facilitate removal of the stored pyrolyzation fluid froni the first portion. 

4895. / The mew^dpf claim 4872, further comprising generating synthesis gas within a 
seconospOTtion of the formation, removing/synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 

4896. The method of claim 4895, wherein the portion of the removed synthesis gas from 
the second portion are stored within the first portion when surface facilities that process 
the removed synthesis gas are not able to process the portion of the removed synthesis 
gas. / 

4897. The rrfethod of claim 4895, further comprising heating the first portion to 
facilitate removal of the stored synthesis gas from the first portion. 

4898. The method of claim 4872, further comprising removing at least a portion of 
carbon containing material in the first portion. 

4899. The method of claim 4898, f urther comprising using at least a portion of the 

carborTConlainrng material removed from the formation in a metallurgical application. 
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49 00 . Thc method of claim 4899, wherein the metallurg^cal-applicationi comprises steel 
manufacturing. ~~" ~ 



□ 
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4901 . A method of sequestering carbon dioxide within a coal formation, comm*£ing: 
heating a portion of the formation to increase permeability and forrji^a 

substantially uniform permeability within the portion; 
allowing the portion to cool; and 
storing carbon dioxide within the portion. 



ethgd of claim 4901, wherein the permeability of the portion is increased to 




4903. V Tbfe method of claim 4901, further comprising raising a water level within the 
portion to inhibit migration of the caj#on dioxide from the portion. 

4904. The method of claim 4901, further comprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 



f 3 

ICS 3 



4905. The method of/laim 4901, further comprising pyrolyzing hydrocarbons within 
20 the portion during ^eating of the portion, and removing pyrolyzation product from the 
formation. 



25 
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4906. The'method of claim 4901, further comprising producing synthesis gas from the 
portion during the heating of the portion, and removing synthesis gas from the formation. 

499V. The method of claim 4901 , wherein heating the portion comprises: 

heating hydrocarbon material adjacent to one or more wellbores to a temperature 
'sufficient to support oxidation of the hydrocarbon material with an oxidizing fluid; 

introducing the oxidizing fluid to hydrocarbon material adjacent to the one or 
more wellbores to oxidize hydrocarbons and produce heat; and 
conveying produced heat to the portion. - 
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4908. Theji ietheehxfelaim 4907, wherein heating hydrocarbon material adjacent tcj^fie 
one or more wells comprises electrically heating the hydrocarbon material. 

5 4909. The method of claim 4907, wherein the temperature sufficient ^support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 



10 



49 1 0. The method of claim 490 1 , wherein heating the portion comprises circulating heat 
transfer fluid through one or more heating wells within the formation. 



4911. 



The meihoi 



products from 



4910, wherein the heaj/transfer fluid comprises combustion 



burner. 



(3 



fU 
n 



4912. The method of claim 4910, whereij/the heat transfer fluid comprises steam. 

15 

4913. The method of claim 4901, Mther comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 



20 4914. The method of claim 4901, further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portior 



4915. The/method of claim 4901, further comprising using a portion of the carbon 
25 dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 

49 Lo. The method of claim 4901, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 



30 4*H£ ^ The rnefeetfoTclaim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 
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TeTKod of claim 4901, further comprising allowigThe^ortion to cool by 
introducing water to the portion; and removing the water from the formation as^st 

5 4919. The method of claim 491 8, further comprising using the steam as a heat trai^fer 
fluid to heat a second portion of the formation. 



s?1 
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4920. The method of claim 4901, wherein storing carbon dioxide injke portion 
comprises adsorbing carboL dioxide to carbon containing materkl'within the formation. 



4921 . The method of claim 4901, wherein storing cartxm dioxide comprises passing a 
first fluid stream comprising s the_£#rt5on dioxide another fluid through the portion; 
adsorbing qarbon d/oxide onto carbon containjffg material within the formation; and 
removing a $$cgm fluid stream from the fjpmiation, wherein a concentration of the other 
fluid in the second fluid stream is grea^r than concentration of other fluid in the first 
stream due to the absence of the adsorbed carbon dioxide in the second stream. 



□ 



4922. The method of clain/4901, wherein an amount of carbon dioxide stored within 
the portion is equal to or/greater than an amount of carbon dioxide generated within the 

20 portion and removedfrom the formation during heating of the portion. 

4923 . The method of claim 490 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources arplocated in the formation in a unit of heat sources, and wherein the unit of heat 

25 sources /omprises a triangular pattern. 



30 



492y. The method of claim 4901, further comprising provjiiixg4ieartrom three or more 
heaf sources to at least a portion of theJbmiatiorCwherein three or more of the heat 
souroes jire locat edin^he^miation in a unit of heat sources, wherein the unit of heat 
sources comprises.a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon dioxide within a coal formation in 

si 

providing heat from one or more heat sources to at least a first portion of the 
5 formation; 

allowing the heat to transfer from one or more sources to a selected sec#6n of the 
formation such that the heat from the one or more heat sources pyrolyzes ^Heast some 
hydrocarbons within the selected section of the formation; 

producing pyrolyzation fluids, wherein the pyrolyzation jKiids comprise carbon 
10 dioxide; 

torine an amount of carbon dioxide in the form^tfon, wherein the amount of 
stored/carboii dioxide is equal tg^fr greater than an cjjfiount of carbon dioxide within the 
pyrolyzation fluic 

15 4926. The method of claim 4925, whererfi the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hyfirocarbons within the selected section of the 
formation. 

20 4927. The method of clafa 4925, wherein the carbon dioxide is stored within a spent 
portion of the formatior 



25 



4928. The metho0 of claim 4925, wherein a portion of the carbon dioxide stored within 
the formation is/carbon dioxide separated from the pyrolyzation fluids. 

4929. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 



30 4930/ The method of claim 4925 > furtftercomprising separating a portion of carbon 
dioxfide from the pyrolyzarfon fluids, and using the carbon dioxide as a synthesis gas 
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peneratuipflnid f ^r t h i i ju m t hitinn uraVn thesis pas f ini n H SLiLi i)ii- +* £lhfi formation that is 
heated to a temperature sufficient to generate synthesis gas upon introduction of tEe"* 
synthesis gas generating fluid. 

493 1 . The method of claim 4925, further comprising separating a portion of carbq? 
dioxide from the pyrolyzation fluids, and using the carbon dioxide to displace^ 
hydrocarbon bed methane. 



j3 



4932. The method c^cta^m 493 1 , wherein the hydrocarbon b^is a deep hydrocarbon 
10 bed located over 760 m belW ground surface. 




4933. The methqd of claihi^493^fiirther compjising adsorbing a portion of the carbon 
dioxide within thd^h^drocarbon bed. 

15 4934. The method of claim 4925, furfher comprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel cell. 



4935. The method of clai?n 4934, wherein the fuel cell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
20 amount of carbon dioxide generated by the fuel cell within the formation. 



25 



4936. The method of claim 4925, wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from whkfli hydrocarbons have been produced, and wherein the spent portion of the 
formation is at a temperature at which carbon dioxide adsorbs onto the carbon containing 
material. 



4937. The method of claim 4925, further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 



30 
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4938. The method of claim 4925, wherein producing fluids from the formation 
comprfecsremnvin^pyrolyzation products from the formation. 



-II 
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4939. The method of claim 4925, wherein producing fluids from the formatk 
comprises heating the selected section to a temperature sufficient to genej#fe synthesis 
gas; introducing a synthesis gas generating fluid into the selected se9tion; and removing 
synthesis gas from the formation. 



4940. The method of clfiim 
10 synthesis gas ranges 



fron 




39^, wherein the temperajafre sufficient to generate 
aboh\400 °C to about 1200 °C. 



4941. The method of claim 4939, wherein beating the selected section comprises 
introducing an oxidizing fluid into the selected section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4942. The method of claim 4919, wherein heating the selected section comprises: 
heating hydrocarbon material adjacent to one or more wellbores to a temperature 

sufficient to support oxidation of the hydrocarbon material with an oxidant; 

introducing the oxidant to hydrocarbon material adjacent to the one or more 
wellbores to oxidize hydrocarbons and produce heat; and 

conveying produced heat to the portion. 



25 



4943. The memod of claim 4925, wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 



4944. the method of claim 4925, wherein the one or more heat sources comprise 
electrical heaters. 



30 4945. 



wherein the one or more heat sources comprise 



flameless distributor combustors. 
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^94^The method of claim 494 5, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from the formation. 

5 4947. The method of claim 4925, wherein the one or more heat sources comprise t^ater 
wells in the formation through which heat transfer fluid is circulated. 



In? 



4948. The method of claim 4947, wherein the heat transfer fluid ^^mprises combustion 
products. 



15 



4949. The method 

4950. Themethoc 
under pressure, anc 
produced fluids thr< 




7, wherein the heat transfer fluid comprises steam. 



of cl£iAj 4925, wherejffgondensable hydrocarbons are produced 
further cohaprisifig gpderating electricity by passing a portion of the 
a turbine. 




o 



495 1 . The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the/formation in a unit of heat sources, and wherein the unit of heat 
sources compnses a triangular pattern. 



4952. The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources allocated in the formation in a unit of heat sources, wherein the unit of heat 
25 sources/comprises a triangular pattern, and wherein a plurality of the units are repeated 
ovei/an area of the formation to form a repetitive pattern of units. 

(953. A method for in situ production of energy from a coal formation, comprising: 
providing h eat fro m nnr or m ^r* h r a t F P i ir ™ ** ? t n at i^st p p ortion of the 
30 formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section or tne lormation such that the heat from the one 01 more lieat-sowGes^rolyzes at 
least a portion of hydrocarbons within the selected section of the formation; 
producing pyrolysis products from the formation; 

providing at least a portion of the pyrolysis products to a reformer to generate 
synthesis gas; 

producing the synthesis gas from the reformer; 

providing^t leasba portion of the produced synthesis gas to a fuel c^lHb produce 
electricity, wherein the fuel cell produces afxarbon dioxide containing^xit stream; and 

storing at least a potion of the ^arbon dioxide in the caj^<5n dioxide containing 
exit stream in a subsurface formatic 

4954. The method of claim 4953, wherein the orfe or more heat sources comprise at 
least two heat sources, and wherein superpo^iiion of heat from at least the two heat 
sources pyrolyzes at least some hydrocapoons within the selected section of the 
formation. 



u 

o 
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4955. The method of claim ^#53, wherein at least a portion of the pyrolysis products are 
used as fuel in the reformer 

4956. The method pa claim 4953, wherein the synthesis gas comprises carbon dioxide 
and H2. 



4957. The method of claim 4953, wherein the subsurface formation is a spent portion of 
25 the formapon. 

4958/ The method of claim 4953, wherein the subsurface formation is an oil reservoir. 



4959. Tfifr-n i ol h u d o f ihri m 4958, wherein at least a portion of the carbon dioxide is used 
30 as a drive fluid for enhanced oil recovery in the oil reservoir. 
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4960. Themethoi 
Formation. 




$33, wherein the subsurface formationTS^secDnd coal 



4961 . The method of claim 4960, wherein the second coal formatkjH'is located greater 
5 than about 760 m below ground surface. 

4962. The method of claim 4960, wherein at least portion of the carbon dioxide is used 
to produce crfethanV from the second coal formajion. 



15 



10 4963. 1hie metl/ochqf claim 4962, further comprising sequestering at least a portion of 
the carHon dio^de witfitrrthe second/coal formation. 



4964. The method of claim 4<p3, wherein the reformer produces a reformer carbon 
dioxide containing exit stres 

4965. The method of cdaim 4963, further comprising storing at least a portion of the 
carbon dioxide in thpreformer carbon dioxide containing exit stream in the subsurface 
formation. 



Pj 20 4966. The nrethod of claim 4965, wherein the subsurface formation is a spent portion of 
the formation. 

4967/ The method of claim 4965, wherein the subsurface formation is an oil reservoir. 

25 #968. The method of claim 4967, wherein at least a portion of the carbon dioxide in the 

reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 

/ 

recovery in the oil reservoir. 



4969. Theme 
30 formation. 
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4970. The method n f^ l aim ^1 KfTS, vAv m in .il h .i 1 .! a |nnl i un n f thg carbon dioxide in the 
reformefcarbon dioxide containing exit stream is used to produce methane from*! 
second coal formation. 



5 4971 . The method of claim 4970, further comprising sequestering at least a pinion of 
the carbon dioxide-tHsthe reformer carbon dioxide containing exit streaijywthin the 
second coal i&rmation. 



4972. 
10 than aboj 



ie method of claim 4969, whepefn the second^xfal formation is located greater 
it 760 jfi belW ground surface. 
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4973. The method of claim 4953, wherej*r the fuel cell is a molten carbonate fuel cell. 

4974. The method of claim 495 Vwherein the fuel cell is a solid oxide fuel cell. 

4975. The method of claina 4953, further comprising using a portion of the produced 
electricity to power electrical heaters within the formation. 



4976. The methocr of claim 4953, further comprising using a portion of the produced 
20 pyrolysis produces as a feed stream for the fuel cell. 

4977. The/method of claim 4953, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

25 4978; The method of claim 4953, wherein the one or more heat sources comprise one or 
m/re flameless distributor combustors disposed in the formation. 



4979. The method of claim 4978, wherey; 
combustors is obtained fropa^tftetormation. 



SToFftiel for the flameless distributor 
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4980 . The method of claim 49^ wherein the one or mo re heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduiT3lsptTsed-wdLhin 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

498 1 . The method of claim 4953, further comprising using a portion of the syn^sis gas 
as a combustion fuel for the one or more heat sources. 



n 
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4982. A method for produptrfgli!pmonia using a coal formation, comprising: 
10 separating air to produce aft O2 rich stream and a N2 rich^fream; 

heating a selected section^Athe formation tt^a temperature sufficient to support 
reaction of hydrocarbon matenal in tn^forrfiation to forn/synthesis gas; 

providing syntl^es^gas generating fluid and ^least a portion of the O2 rich 
stream to the selected section; 
15 allowing the synthesis gas generating fKiid and O2 in the O2 rich stream to react 

with at least a portion of the hydrocarbon jzlaterial in the formation to generate synthesis 
gas; 

producing synthesis gas frojatf the formation, wherein the synthesis gas comprises 
H 2 and CO; 

20 providing at least aja^rtion of the H2 in the synthesis gas to an ammonia synthesis 

process; 

providing N/to the ammonia synthesis process; and 
using thd^ammonia synthesis process to generate ammonia. 



25 4983. Ttfe method of claim 4982, wherein the ratio of the H2 to N2 provided to the 
ammofeia synthesis process is approximately 3:1. 
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4^84. The method of claim 4982, wherein the ratio of the H2 to N2 provided to the 
K>nia synthesis process ranges from approxinialel}^ 
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j £85. The method of claim 4982, wher ein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form^yntKesir^as^anfies from 
approximately 400 °C to approximately 1200 °C. 

5 4986. The method of claim 4982, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

4987. The method of claim 4986, wherein the carbon dioxide is separated frpirfthe 
synthesis gas by an amine separator. 



10 



4988. The method" of claim 4987, further comprising prpvfaing at least a portion of the 



carbon dioxide to a urea 



4989. Them 
15 condense hydi 



mthesis process to produp^urea. 



sthod o/clanq^^^ least a portion of the N2 stream is used to 

pcarbons with 4 or mpre carbon atoms from a pyrolyzation fluid. 



"4990. The method of claim/f982, wherein at least a portion of the N 2 rich stream is 
provided to the ammonia/synthesis process. 

20 4991 . The methocr of claim 4982, wherein the air is separated by cryogenic distillation. 

4992. The method of claim 4982, wherein the air is separated by membrane separation. 

4993. TWe method of claim 4982, wherein fluids produced during pyrolysis of a coal 
25 formation comprise ammonia and, further comprising adding at least a portion of such 

ammonia to the ammonia generated from the ammonia synthesis process. 



30 



4994. The method of claim 4982, wherein flui^s-pFodCce3^uring pyrolysis of a coal 
formation are hydrotreated and^lJe^sfsome ammonia is produced during hydrotreating, 
and, rttFtheixflnaprisifi^dding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 
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4995. The method of claim 4982, further comprising providing atleast 
ammonia to a urea synthesis process to produce urea. 



tion of the 



4996. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 
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4997. The method of claim>4982, further comprising providing at lea^ta portion of the 
10 ammonia to a urea synthesis process to produce urea and, further comprising shifting at 
least a portion ©f the car^n monoxide to carbon dioxide in a^diift process, and further 
comprising pre viding at/least^ portion of the carbon dioxide from the shift process to the 
urea synthesis process 

1 5 4998. The metnbd-ef claim 4982, wherein gating the selected section of the formation 
to a temperature to support reaction of l^arocarbon material in the formation to form 
synthesis gas comprises: 

heating zones adjacent tef wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
20 zones to temperatures siffficient to support reaction of hydrocarbon material within the 
zones with O2 in thpOz rich stream; 

introducing the O2 to the zones substantially by diffusion; 
allowing O2 in the O2 rich stream to react with at least a portion of the 
hydrocaJT>on material within the zones to produce heat in the zones; and 
25 / transferring heat from the zones to the selected section. 



4999. The method of claim 4998, wherein tpmpp^tnrpg g nffi^f n t f^^n lML V'1h t n^l " 
hydrocarbon within the zonesJaiA*©2i^gefrom approximately 200 °C to approximately 
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5J)00r — Hie method of claim 4998, wherein the one or more heat sourceshs^mprises one 
or more electrical heaters disposed in the formation. 

5001 . The method of claim 4998, wherein the one or more heat sour^ comprises one 
5 or more natural distributor combustors. 



10 



5002. Ziie method of claim 4998, wherein the one or more^ieat sources comprise one or 
more /eater wejl^, wherein a/least one heater well comprises a conduit disposed within 
the ijbrmation, jbidSfurthe^omprising heating the^ponduit by flowing a hot fluid through 
the donduit. 



5003. The method of claim 4998, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or idore heat sources. 
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15 5004. The method of claim >®82, wherein heating the selected section of the formation 
to a temperature to suppoi^reaction of hydrocarbon material in the formation to form 
synthesis gas comprises 

introducing t^e O2 rich stream into the formation through a wellbore; 
transporting O2 in the O2 rich stream substantially by convection into the portion 
20 of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reaching the O2 within the portion of the selected section to generate heat and raise 
the tempe/ature of the portion. 



25 5005. / The method of claim 5005, wherein the temperature sufficient to support an 
oxidation reaction with O2 ranges from approximately 200 °C to approxyjiatetfT200 

°cy 



J006. The method of claim SOOS^^vhgfein the one or more heat sources comprises one 
30 ir more electrical heaters-disposed in the formation. 
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5007^JEbe-nig!Hod of claim 5005, wherein the one or more heat sources cbi^prises one 
or more natural distributor combustors. 

5008. The method of claim 5005, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a Jafot fluid through 
the conduit. 



(a* 
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5009. The methocJ/6f claim 
10 as a combustion 



5005, further comprising using ^portion of the synthesis gas 
one or ttiore neat sources. 



5010. The method of claim 4982, further comprising controlling the heating of at least 
the portion of tl^e selec/ed section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the txntion of the selected section above the 

15 temperature sufficient to generate synthesis gas. 

501 1 . The method of claim 498^2; wherein the synthesis gas generating fluid comprises 
liquid water. 

20 5012. The method of yfaim 4982, wherein the synthesis gas generating fluid comprises 
steam. 



25 



5013. The memod of claim 4982, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



5014. /The method of claim 5013, whereiu-fl-^ortion of the carbon dioxide within the 
synthesis gas generating fMd<e(5mprises carbon dioxide removed from the formation. 
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JlfliSr^TEe method of claim 4982, wherein the synthesis gas genenttmgjluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbpn in the 
formation to generate carbon monoxide. 

5 5016. The method of claim 5015, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide remove$ / from the formation. 



10 



5017. The method of claim 4982, wherein providing the synthesis gas generating fluid 
to at least the portiorLof the selected section comprises raising a water table of the 
formation to dww water to flow into the at leastihe portion of the selected section. 



jy 



501 8. A method for producing ammonia using a coal formation, comprising: 

generating aHtr$f ammonia feed stream from a first portion of the formation; 
genjerafting a second amxnjzmia feed stream from a second portion of the formation, 
15 wherein the second ammonia feed stream has a H2 to N2 ratio greater than a H2 to N2 ratio 

of the first ammonia feed stream; 

blending at least>a portion of the first ammonia feed stream with at least a portion 

of the second ammonia feed stream to produce a blended ammonia feed stream having a 

selected H2 to N2 raliio; 

20 providing the blended ammonia feed stream to an ammonia synthesis process; and 
using me ammonia synthesis process to generate ammonia. 



5019. The method of claim 5018, wherein the selected ratio is approximately 3:1. 

25 5020. / The method of claim 501 8, wherein the selected ratiojangesT from approximately 
2.8:]/ to approximately 3.2:1. 



30 



592 1 . The method of claim SPJ-^further comprising separating at least a portion of 
rbon dioxide in thejir^ti ammonia feed stream from at least a portion of the first 
lonia feecLstfeam. 
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^22^_TTiejiiethed^ciaim duzi, wherein the carbon did> 
ammonia feed stream by an amine separator. 



jarated from the first 



5023. The method of claim 5022, further comprising providing at least a poison of the 
carbon dioxide to a urea synthesis process. 



5024. The rnethod of claim 5018, further comprising separatipgat least a portion of 
carbon dia/xide in the blended ammonij.feed stream fronj/rft least a portion of the blended 
ammonia feed strea 



The method of claim 5024, where^the carbon dioxide is separated from the 
onia feed stream by an amine separator. 



5026. The method of claim 5025, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process 

5027. The method/of claim 501 8, further comprising separating at least a portion of 
carbon dioxide in the second ammonia feed stream from at least a portion of the second 
ammonia feeci stream. 

5028. The method of claim 5027, wherein the carbon dioxide is separated from the 
secona ammonia feed stream by an amine separator. 



51829. The method of claim 5028, further comprising providing at least a portion of the 
:arbon dioxide to a urea synthesis process. 



5030. The method of claim 5018, wherein fluids produged-tttfiTng pyrolysis of a coal 
formation comprise ammonia and, fiuthergpi«i5nsing adding at least a portion of such 
ammonia to the ammonia gengi^etffrom the ammonia synthesis process. 
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503 1. The method o f Haim 5 01 8 , wherr in fhiirin prorhi r rd rhir inr p yr ntofo of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotre^ting, 
and further comprising adding at least a portion of such ammonia to the amnion^ 
generated from the ammonia synthesis process. 



5032. The method of claim 50 1 8, further comprising providing ^Heast a portion of the 
ammonia to a ure^ synthesis process to produce urea. 



\ 



5033. The method of claim 501 8, further comprising providing at least a portion of the 
10 ammonia to a [urea syntji^is process tcg?i«duce/urea and, further comprising providing 
carbon dioxidi from thjb formation to the ur^a synthesis process. 
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5034. The methoa of claim 501 8, finther comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 

15 least a portion of carbon monefxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and furtjier comprising providing at least a portion of the carbon 
- dioxide from the shift process to the urea synthesis process. 

5035. A method for producing ammonia using a coal formation, comprising: 

20 heating si selected section of the formation to a temperature sufficient to support 

reaction of hydrocarbon material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an O2 rich stream to the selected 
section, Wherein the amount of N2 in the O2 rich stream is sufficient to generate synthesis 
gas having a selected ratio of H2 to N2; 
25 / allowing the synthesis gas generating fluid and O2 in the O2 rich stream to react 

with/at least a portion of the hydrocarbon material in the formation to generate^gyntftesis 
gas/having a selected ratio of H2 to N2; 

producing the synthesis gas fromJlje^erTnation; 

providing at least ajjpj^kfffof the H2 and N2 in the synthesis gas to an ammonia 
30 syntRfesis 

using the ammonia synthesis process to generate ammonia. 
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503 & The meth od-o£eiami !>U3!\ lurther comprising contrcritmfr^Jemperature of at 
least a portion of the selected section to generate synthesis gas having the sele&te{l H 2 to 
N2 ratio. 



5037. The method of claim 5035, wherein the selected ratio is approximately 3; 
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5038. The method ofplaraj 5035, wherein the selected ratio ranges fjefm approximately 
2.8:1 to 3.2:1. 



5039. The method of claiiji 50#5, wherein the tempejtfnire sufficient to support reaction 
of hydrocarbon material in thor formation to form^ynthesis gas ranges from 
approximately! 400 °C to approximately 1 2O0 / °C. 

15 5040. The method of claim 5035 5y ^herein the 0 2 stream and N 2 stream are obtained by 
cryogenic separation of air. 

5041 . The method of claim 5035, wherein the 0 2 stream and N 2 stream are obtained by 
membrane separation of air. 



5042. The method of claim 5035, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 



5043< The method of claim 5042, wherein the carbon dioxide is separated from the 
25 synthesis gas by an amine separator. 



5044. The method of cl^jn-5045^ further comprising providing at least a portion of the 
rbon diojdiiei^a urea synthesis process. 
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5045. The metheehjfclmm 5035, wherein fluids produced during pytdysis of a coal 
formation comprise ammonia and, further comprising adding at least a pArtion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 

5046. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is prefauced during hydrotreating, 
and further comprising adding at least a portion of suclj/ammonia to the ammonia 
generated from the amnfynia synthesis process. 

10 5047. TlWmethod of claim 5035, fijrfter comprising providing at least a portion of the 
ammonia /o a urea/synthesis nJ#6ess to produce urea. 
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5048. The method of claim 5035<nirther comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 

15 carbon dioxide from the formation to the urea synthesis process. 

5049. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea^ynthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 

20 process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 



5050. /The method of claim 5035, wherein heating a selected section of the formation to 
a temperature to support reaction of hydrocarbon material in the formation to form 
25 synthesis gas comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
iisposed in the wellbores, wherein the heaters are configured to raise temperatures of the^ 
£ones to temperatures sufficient to support reaction ofhydi»Gaj%anTnSerial within the 
zeqies with O2 in the O2 rich streg 
30 Tntroducinglhe O2 to the zones substantially by diffusion; 
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aUpw&tgT^ihi the O2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

505 1 . The method of claim 5050, wherein temperatures sufficient tdsupport reaction of 
hydrocarbon material within the zones with O2 range from ap^dximately 200 °C to 
approximately 1200 °C. 

5052. The method of claim 5050, wherein the on^or more heat sources comprises one 
10 or moj£-©kctrical heaters disposed in the formation. 
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5053. The memod of claim 5050, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

15 \5054. /The methgrcl of claim/5050, wherein the one or more heat sources comprise one or 
ieat6*^dls, wherein at least one heater well comprises a conduit disposed within 
the formation, and fur^fer comprising heating the conduit by flowing a hot fluid through 
the conduit. 

20 5055. The mejrfiod of claim 5050, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



5056. The method of claim 5035, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
25 synthesis gas comprises: 

introducing the O2 rich stream into the formation through a wellbore; 
transporting O2 in the O2 rich stream substantially by conyeGtkffimto the portion 
of fhe selected section, wherein the portion of the££lect£cfsection is at a temperature 
sufficient to support an oxidization re^ctidnwith O2 in the O2 rich stream; and 
30 \ reacting the O2 withkrlfie portion of the selected section to generate heat and raise 

the temperature of the portion. 
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SOS^Z^Hr^method of claim 5056, wherein the temperature sufficient tosufjperi^ 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 120C 
°C. 

5 

5058. The method of claim 5056, wherein the one or more heat sources comprises cj#e 
or more electrical heaters disposed in the formation. 

5059. The method oprfaim 5056, wherein the one or more heat sourcpafcomprises one 
10 or more natural distributor combustors 
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5060. The metnod of claiiW 50156, wherein throne or mtfre heat sources comprise one or 
more heater wells, wherein/at leasiOnelieater well omnprises a conduit disposed within 
the formation, a^d further Comprising heating Jhe conduit by flowing a hot fluid through 

15 the conduit. 

5061 . The method of claim 5056/further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



20 5062. The method of^iaim 5035, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature/sufficient to generate synthesis gas. 



25 5063/ The method of claim 5035, wherein the synthesis gas generating fluid comprises 
liquid water. 
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5064. The method of claim 50J 
steam. 



feinthe synthesis gas generating fluid comprises 
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50 6J). The me ttiodjo fxlaim 5035, whuchi the ay nll iu sis^gas^generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits productionoFE5 
dioxide from the selected section. 

5 5066. The method of claim 5065, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comppsessjarbon dioxide removed from the formation. 



IB 
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5067. The method of claim/5035, wherein the synthesis gas generating fluid comprise^ 
carbon dioxide, and wherein a portion M* the carbon dioxide jeacts with carbon nvthe 
10 formation to generate cartoon monoxide. 



5068. The method of claim 5067, wherein a portion of the carbon^dioxide within the 
synthesis gas generating fluid comprises carbon dioxide remdved from the formation. 

15 5069. The method of claim 5035, wherein provkttng the synthesis gas generating fluid 
to at least the portion of the selected section^mprises raising a water table of the 
formation to allow water to flow into th^at least the portion of the selected section. 

5070. A method for producing<arnmonia using a coal formation, comprising: 
20 providing a first stream comprising N2 and carbon dioxide to the formation; 

allowing at lea^r 1 portion of the carbon dioxide in the first stream to adsorb in the 
formation; 

producing a second stream from the formation, wherein the second stream 
comprises aiower percentage of carbon dioxide than the first stream; 
25 providing at least a portion of the N2 in the second stream to an ammonia 

synthesis process. 



50^1 . The method of clair 
format 



JTwherein the second stream comprises H2 from the 
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5072. The method of claim 5070, wherein the first stream is produced from the coal 
formation. 

5073. The method of claim 5072, wherein the first stream is generated by reacting a 
5 oxidizing fluid with hydrocarbon material in the formation. 

5074. The method of claim 5070, wherein the second stream comprises H2 from the 
formation and, further a&ifiprising^oviding such H^to the ammonia synthesis proce 



10 5075. The method of claim 5070, further comprising u^iiig the ammonia^nthesis 
process to ge/erate ammonia. 



5076. The method of claim 50737wfierein fluids produced/during pyrolysis of a coal 
formation ^omprise^gmmonia and, further comprising^dding at least a portion of such 
ammonia to fire-ammonia generated from the amnxmia synthesis process. 
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5077. The method of claim 5075, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at leatft some ammonia is produced during hydrotreating, 
and further comprising adding axAeast a portion of such ammonia to the ammonia 
generated from the ammonia/synthesis process. 



5078. The method ox claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

25 5079. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carhjon dioxide from the formation to the urea synthesis process. 



>080. The method of claim 5075, further comprising providing at least a portion of the 
30 (ammonia to a urea synthesis process to produce urea a nd further cor 

lea$t a portion of carbonjiioiiex^^ gas to carbon dioxide in a shift 
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3roces s^and-4tnt5e^ providing at least a portion of the carbon - 

the shift process to the urea synthesis process. 



dde from 
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508 1 . A method for treating hydrocarbons in at least a portion of a codf formation, 
wherein the portion has an average permeability of less than aboijfl 0 millidarcy, 
comprising: 

providing heat from one or more heat sources tcv#ie formation; 
allowing the heat to transfer from the one or^more heat sources to a selected 
seption of the^rmation such that heat from theJKeat sources pyrolyzes at least some 
lydrocarbons within the selectea section, ai^a wherein heat from the heat sources 
increases the permeability of at least a portion of the selected section; and 
^during a mature comprisjrig hydrocarbons from the formation. 

5082^ The method of claim 5Q£l, wherein the one or more heat sources comprise at 
least two heat sources, and Wherein superposition of heat from at least the two heat 
sources pyrolyzes at leasl/some hydrocarbons within the selected section of the 
formation, and wherehi superposition of heat from at least the two heat sources increases 
the permeability of art least the portion of the selected section. 

5083. The metnod of claim 508 1 , further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures inyfhe formation wherein the thermal fractures substantially increase the 
permeability of the selected section. 



25 5084. /The method of claim 5081, wherein the heat is provided such that an average 

temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. 



5085. The method of claim 508 1 , wherein at least one of the^oj: 
30 comprises an electrical heater located in the for 



''more heat sources 
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50 86. Tj igjaefeod-rrfHmm 5081, wherein at least one of the one^FmofeJoeat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a Ipt 
fluid through the conduit. 



10 



5087. The method o^laim 5084^ whereii/ at least some of the heat sources are arranged 
in a triangular patter 

5088. The method of claii/R^OS lyfurther comprising: 
monitoring a composition of the produced mbmire; and 
controlling ^ptessure in at least a portioryaf the formation to control the 

composition of the produced mixture. 



5089. The method of claim 5088, wjzerein the pressure is controlled by a valve 
15 proximate to a location where the^nixture is produced. 

5090. The method of claiin 5088, wherein the pressure is controlled such that pressure 
proximate to the one or^nore heat sources is greater than a pressure proximate to a 
location where the flmd is produced. 
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5091 . A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 1 0 millidarcy, 
comprising 

roviding heat from one or more heat sources to the formation; 
'allowing the heat to transfer from the one or more heat sources to a selected 
sectibn of the formation such that heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section, and wherein heat from the one or 
more heat sources vaporizes at least a portion of the hydrocarbons in the selectedsecl 



30 



Hoducins 



are comprising hydrocarbons from the formation. 
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locfof claim 5091, wherein the one or more heat sources comprise 
least two heat sources, and wherein superposition of heat from at least the two hpm 
sources pyrolyzes at least some hydrocarbons within the selected section of#ie 
formation, and wherein superposition of heat from at least the two heat^iources vaporizes 
at least the portion of the hydrocarbons in the selected section. 



10 



5093. The methpd^fclaim 5091, further comprising allpwing heat to transfer from at 
least one of tHe one or more heat sources to the selec^ra section to create thermal 
fractures in the formation, wherein the thermal fixtures substantially increase the 
permeaj/ility of the selected sectioj 
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5094. 1 The method o^claun 5091, wWein the heat is provided such that an average 
temperatWe in the selected section^anges from approximately about 270 °C to about 400 
°C. 

5095. The method of clau^i 509 1 , wherein at least one of the one or more heat sources 
comprises an electrical Jieater located in the formation. 

5096. The method of claim 509 1 , wherein at least one of the one or more heat sources is 
located in a heafcer well, and wherein at least one of the heater wells comprises a conduit 
located in the/formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 



5097. Ahe method of claim 5091, wherein at least some of the heat sources are arranged 
25 in a triangular pattern. 



30 



5(/98. The method of claim 5091 , further comprising: 

monitoring a composition of theDroduc@dnnrti5ctoe; and 
controlling a pressurejii-at4ea§fa w portion of the formation to control the composition of 
the produced mixture. 
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5099. The method of claim 5098, wherein the pressure is controls 
proximate to a location where the mixture is produced. 



.yalve 



5 100. The method of claim 5098, wherein the pressure is controlled such time pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 
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5101. A method for treating hydrocarbons in at least a ponion of a coal formation, 
wherein the portion has an average permeability of le^s than about 10 millidarcy, 
10 comprising 

riding heat from one or more heat purees to the formation, wherein at least 
one 0t me one or more neat sources is located in a heater well; 

allowing the heat^kTtransfer froijf the one or more heat sources to a selected 
section of the Wiatfon such that heat from the heat sources pyrolyzes at least some 
15 hydraGSfbons within the selectedysection, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture^comprising hydrocarbons from the formation, wherein the 
mixture is produced fronj one or more of the heater sources. 

20 5 1 02. The method^of claim 5101, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



25 5103. /The method of claim 5101, further comprising producing fluid from at least one 
of the one or more heat sources. 
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5 1\[4. The method of claim 5101, further comprising allowing heat t o transfer from at 
least bn^ofthe one or moreJieaL£Ou*«e^ section to create thermal 

fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 
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5 T\]Q metliml nPi liiini 11 D I U/herein The hem k pi in uhU^irhrtat an average 

temperature in the selected section ranges from approximately about 270 °C to^atiout 400 

°C. 



5 1 06. The rr>dthod of claim 5101, wherein at least one of the one or more hg«rf sources 
comprises 261 electricalWater located in the formation. 



5107. Themethd 



located in 



, of claim 510 1 /Wherein at least one of the one or more heat sources is 



La heater wdl, and wherein at least one of the heater wells comprises a conduit 
located in me formation, and further comprising hea^klg the conduit by flowing a hot 
fluid througlrthexonduit. 



5108. The method of claim 5101, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5 1 09. The method of clamf 5 101, further comprising: 
monitoring a composition of the produced mixture; and 
controlling^ pressure in at least a portion of the formation to control the 

composition oftne produced mixture. 

5110. The method of claim 5 1 09, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



5 1 1 1 . The method of claim 5 1 09, whereinJbe^FesstffeTTcontrolled such that pressure 
proximate to the one ^orjiiererHeiS sources is greater than a pressure proximate to a 
Jocation-wftefe^ the mixture is produced. 
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Low Heat Zone and Pyrolysis Zone 

5112 — A t mclliuJ for treating hydrocarbons in at least a poi l it^ ^fla^^ajjormation, 
wherein the portion has an average permeability of less than about 10 miJJitfarcy, 
comprising: 

providing heat from one or more heat sources to the fomf&ion; 
allowing the heat to transfer from the one or more h^at sources to a selected first 
section of the formation such that heat from the heat sotfrces creates a pyrolysis zone 
wherein at least .some hydrocarbons are pyrolyzed Within the first selected section, and 
allowing the Heat to transfer from the one or more heat sources to a selected second 
section of the fornlation such that heat from the heat sources heats at least some 
hydrocarbons wit/i\n tjjie selept€d second section to a temperature less than the average 
temperaturd witttin tKff^yrolysis zone; #nd 

producing a mixture comprising hydrocarbons from the formation. 



5113. The method of claim 511/2, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
"sources pyrolyzes at least siome hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat from the at least two heat sources heats at 
least some hydrocarbons within the selected second section to a temperature less than the 
average temperatureAvithin the pyrolysis zone. 



5114. The metnod of claim 5112, wherein at least some heated hydrocarbons within the 
selected second section flow into the pyrolysis zone. 

5115. yThe method of claim 5112, wherein the heat decreases the viscosity of at least 
somer of the hydrocarbons in the selected second section. 



i 1 1 6. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected first section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected first section. 
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5 1 J 7. The mK^H Haim 5 1 1 ?„■ Anther comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selecte3"seeend^ection to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase" 1 
permeability of the selected second section. 
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5118. The method of claim 5112, wherein the heat is provided such that^n average 
temperature in the selected first section ranges from approximately ajadmt 270 °C to about 
400 °C. 

5119. The meth6d of cldim 5112, wherein the heat is Divided such that an average 
temperature in /he fleeted secopfl section ranges frpm approximately about 180 °C to 
about 250 °cJ 

5120. The rnethfed of claim 5112, whej^in a viscosity of at least some of the 
hydrocarbons in the selected secon^Ksection ranges from approximately about 20 
centipoise to about 1000 centipmse. 
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5 12L The method ofrfaim 5112, wherein at least one of the one or more heat sources 
20 comprises an electrkJal heater located in the formation. 



25 



5122. The method of claim 5112, wherein at least one of the one or more heat sources is 
located in ar heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 
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5/23 . The method of claim 5112, further comprising: 

monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 
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5121. Thr fgethod of claim 5123, wherein the pressure is controlled by a val; 
proximate to a location where the mixture is produced. / 



5125. The method of claim 5123, wherein the pressure is controHed such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 



5126. The methtxl ofdaim 5122, wherein the pressure in the selected second section is 
substantially greater thanthe pressure in the selepred first section. 



5127. The met 



tod of 



claim 5112, whereiryat least some of the heat sources are arranged 



in a triangular panfe*a/ 



5128. The method of claim 511 2, xvherein an average distance between heat sources in 
the selected first section is less t|mn an average distance between heat sources in the 
selected second section. 

5 1 29. The method of clsfim 5112, wherein the heat is provided to the selected first 
section before heat is provided to the selected second section. 

5130. The method of claim 5112, wherein the selected first section comprises at least 
one production/well. 

5131. Thp method of claim 5112, wherein the selected first section comprises a planar 
region. 

5132. The method of claim 5112, wherein at least one row of the heat sources provides 
heat to the planar region. 



5 133. The method of claim 5 1 l^jvl; 
providesheat to theselected first section. 



one ring comprising the heat sources 
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51^T^niernethod of claim 5133, wherein at least one ring comprising thejaea sources 
provides heat to the selected second section. 



5 5135. The method of claim 5133, wherein the ring comprises a polygon. 
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5136. The method of claim 5133, wherein the rmg comprises a regular polygon. 




5137y The method of claim 5133, wherpm the ring comprises a hexagon. 
Thfe m^thodeff claim 5 133< wherein the ring comprises a triangle. 



5138 



5 139. ^jpethod for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has aja average permeability of less than about 10 millidarcy, 
comprising: 

providing hea/from three or more heat sources to the formation; 

allowing themeat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons wimin the selected section, and at least three of the heat sources are 
arranged in a substantially triangular pattern; and 

produc/ng a mixture comprising hydrocarbons from the formation. 



5140. TheAnethod of claim 5139, wherein superposition of heat from at least the three 
heat sources pyrolyzes at least some hydrocarbons within the selected section of the 
25 formatic 

5\4U The method of claim 5 139, wherein the mixture is produced from a production 
weW located in a triangular region created by at least three heat sources. 



30 5(142. The method of claim^l39 3 jAi lhf - r r o mpr i si n c nl lowing hca t-tOTTansfer from at 
le^s^«e-0ftEeone or more heat sources to the selected section to create thermal 
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frflct uror. in flip, fiirma l iim, wlit- i i - in t in iWmnl . .frurtiir^ SU fotantifljlj^^flSf* the^ 

permeability of the selected section. 

5 143. The method of claim 5139, wherein the heat is provided such that in average 
temperature in the selected section ranges from approximately abouJ/270 °C to about 400 
°C. 
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5144. The method of 
comprises a elec 



Qiaim 5139, wherein at least one opihe one or more heat sources 
:er located in the formation. 




5145. The mefthod of dkim 5139, wherein at l^&st one of the one or more heat sources is 
located in a heater well, akd whqr6in at least^ne of the heater wells comprises a conduit 
located in the formation, and further conjffrising heating the conduit by flowing a hot 
fluid through the conduit. 

5146. The method of claim 51^9, wherein at least some of the heat sources are arranged 
in a triangular pattern. 



5147. The method of claim 5139, further comprising: 

20 monitoring a composition of the produced mixture; and 

controlling apressure in at least a portion of the formation to control the 
composition of tlWproduced mixture. 

5 148. The inethod of claim 5 147, wherein the pressure is controlled by a valve 
25 proximateio a location where the mixture is produced. 

5 149. The method of claim 5147, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
lo&ation where the fluid is 
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